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CHAPTER I 



INTRODUCTION 



Purp ose and Scope of the GtucK 

The effects of automation ’nave been most often dis- 
cusser! .in macro terms, e.g., the effects on the economy, the 
effects on the labor force, and the impact on education. 
There have been numerous books and articles written concern- 
ing technological displacement, the problem of leisure and 
other possible effects of automation on workers. Govern- 
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'sicna I hearings 



on the economic and manpower aspects of automation; by the 
establishment of a presidential commission to "determine 
the impact of automation and technological change on the 
economy;"'^ and by contract studies on certain economic and 
social effects of automation. In addition, the macro-effects 
of automation on society have been debated at a number of 
conferences and seminars, often sponsored by educational and 
ether non-government organizations. 

Management has not been over-looked in these efforts, 
but the impact of automation on management appears to have 



i 

Howard Bowen and Garth L. Gang'- , oar;., .to tome f on 
and Economic Progress (Lnglewool Cliffs, Jv: • ao.se,'; l-t cm. fee- 
Tia 11 " I no" * J ' 6 6), p .' 2 . 



automat j on . 



Th : 



been among the least explored aspects cl 
broad hypo the 5 .is underlying this study is that the ini. s.: 
tion of automated production systems will affect the respon- 
sibilities, roles and activities of management. John Di.ebo.t 
states : 

The accelerated pace of technological change poses 
a serious challenge to management. Attention is 
commonly focused on the problems involved in putting 
new innovations to work and on the imbalances created 
by such implementation . Perhaps even more far- 
reaching in its impact on today's manager is the 
effect technology is having on the very process of 
management itself. 

The purpose of this study is the investigation of 
certain effects of production automation on the process of 
management in terms of the managerial functions of planning, 
con It oiling , organizing , staffing and directing. It is 
hoped that the findings will make some contribution toward 
a better understanding of automation management. 

Automated systems would include, of course, those 
installed in banks, insurance companies, and large retail 
organizations and the "office automation" of many firms — 
manufacturing ana otherwise. The scope of this study does 
not include non-manufacturing firms nor does i t include an 
analysis of the effects of "office automation." It is con- 
fined to the investigation of certain effects of production 
automation in manufacturing firms. 
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'John Diebold, Be yond 
Hill Book Company, 1964), p. 
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Re so ar ch Method- elcoy 



This study is concerned with how the manu. 9 e.i_i.il func- 
tions of planning , controlling, organizing, staffing and 
directing arc affected by automating production. In order 
to provide a foundation for the study an extensive review of 
the relevant i it era ture was undertaken. The University of 
Georgia Library was used as the primary source of materials 
for the review of the [Literature. The library resources of 
the University of Georgia Center for the Study of Automation 
and Society were also used. Additional literature was made 
available from the private collections of several individuals 
currently active in the field of automation. The report ol 
the review of the literature is contained in Chapter if. 

In order to provide a framework for the main research 
effort certain sub-functions or elements of each of the five 



major managerial functions were identified for investigation. 
It was determined that the most practical means of obtaining 
data was by a survey of selected companies and individual 



managers. Two questionnaires were developed based on. the 
managerial sub-functions or elements identified for investi- 
gation. The questionnaires were placed in final form, wi th 
the aid of members of the writer’s graduate committee. 

A group of 990 manufacturing companies v.ur selected 



to receive the questionnaire 
a n s w e r . Th e s e 9 9 0 c ( >m? > a n i e s 
firms listed in the Dun and 



developed for comp an 
were selected from l 
brad street Million 
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middle HarV.et Director :i gs . Each questionnaire vmc accom- 
panied by a cover letter exp la j a ’> ng the purpose of the r - tudv 
and requesting the company's cooperation. The cover letter 
is contained in Appendix A. Of the 930 companies to which 
questionnaires were sent, 247 companies responded with useful 
information prior to the cut-off date. Thus a useful re- 
sponse rate of 24.9 per cent w-ms experienced. Categorizing 
these 247 companies by "automated" and "non-automated" pro- 
duction processes resulted in 231 companies (53 per cent) 
falling in the automated group and 116 companies (47 per 
cent) in the non-au toma ted group. Companies which checked 
either A or 3 in response to Question 2 were placed in the 
automated group. Companies which checked C or D were placed 
in the non -automated group. The complete questionnaire to 
companies is presented below. 

QUESTIONNAIR E 

1. Name and address of company: 

2. Is your production process: (check one) 

A. ‘Automated 

B. Partially automated 

__C. Mechanical 
_D. Manual 

3. Does your company have a written corporate plan? 

Yes No 

If the answer to this question is "yes," what future 
time period or periods does your plan include---! . e . 

1 yr., 5 vr., 1 yr. and 5 yr . . etc.? 



4 . 



Docs '-’oar company have a written statement of objt stive s 
and goals? 

Yes No 

If your answer to this question, is "yes," would you 
please enclose a copy of your statement of objectives. 

5. Indicate by check-marks which of the following types of 
forecasting activities your company engages in; a Lso 
please indicate how often forecasts are made and the 
length of the forecasts. 

Type of foreca st How Often L ength of foreca st 

A . Sales forecast ■ 

B. Production forecasts 

C . Profit forecasts 

D. Manpower requirements 

E. Financial requirements 

_F. Equipment requirements _ 

_G. Facility or plant 

requirements 

H. Technological forecasts 

I. Other (please explain) 

6. Indicate by check-marks which of the following planning 
or decision making techniques your company makes use of: 



A. 


Bayesian 


stati sties 


B, 


Breakeven chart analysis 


C. 


Cost /Benefit a n a 1 y s i s 


_ D , 


Critical 


path methods (PERT/COST, 


E, 


DELPHI 




F r 


Economic 


Jot size model 


G . 


Economic 


order quantity model 


K * 


Game Theory 



Gantt Chart 



I . 



J . Linear pr og r a mm i n cj 

K . Markov-cha i n ana j y si s 

L. Non-linear programming 

M. Probability Theory 

N. Queuing Theory 

O. Regression/Correlation analysis 

P. Return-on-investment analysis 

Q. Simulation 



7. How does your company measure the organization’s perform- 
ance? Using the following list of performance measures 
select and indicate by check-marks, the five (5) which 
are most important for your company: 

A. Absenteeism 



L'iiLii : uiJ. 1 a. cliiu 



responsibi 



-J -1 - * ~ 



C. Corporate growth 

D. Customer satisfaction 



E. Employee turnover 

F. increasing production 

G. Innovation 

H. Loyalty of employees 

I. Market standing 

J. Productivity 

K. Profitability 

L. Quality of output 

M . Reduc i ng co s t s 

N. Return on investment 
o . Safety record 



/ 



P. Sales 

Q. Other (describe) 

8. Which of the following descriptions best characterizes 
your Management Information System? 

A. Manual data processing 

B , Mechanical data processing 

C . E 1 ec tromechani ca 1 data processing 

D . Electronic data processing- -batch system 
E. On-line, real-time electronic data processing 

9. For your production v/orkers what type or types of wage- 
payment plans do you use? Using the following list 
indicate the one or more types of plans that you use. 



A . Daywork 

_B. Piecework 

C. Group plan 

D . Other (please explain) 

10. Would you please attach to this returned questionnaire 
a list, of occupational skill classifications for your 
production employees, showing the number of employees 
in each skill. Please use the standard classifications 
from the U.S. Department of Labor Dictionary of Occupa- 
tional Titles. For example: 58*5. 380 Cutting-reacbi no 

fixer (textile) . 

A group of 495 individual managers in 50 manufacturing 
firms was selected to receive the questionnaire developed for 
managers tc answer. These managers were selected from Poor 1 s 
Register of Corpora t ions , Direc tors and Executi ves and by 
direct, contact with top management of certain other selected 
companies. Each questionnaire was accompanied by a cover 
letter explaining the purpose of the study and requesting che 
manager's cooperation . The cover letter is contained in 



Appendix B. Of the 495 managers to which questionnaires were 
sent,. 2.16 managers returned usable data prior to the cut -oxi- 
date — a useful response rate of 43.6 per cent. Of these 
216 managers, 116 (53.7 per cent) were from firms with Auto- 
mated production, and 100 (46.3 per cent) were from non-- 
automated firms. Those indicating A or E in response to 
Question 2 were placed in the automated group, and those 
checking C or D were placed in the non-automated group. The 
complete questionnaire to managers is presented below. 



QUESTIONNAIRE 



Part I 



1. Name and address of your company: 

2. Is the production process in your company: (check one) 

A . Automated 

B. Partially automated 

C . Mechanical 

D . Manual 

3. Your age: 

4. What is your present position with the firm? 

5. How long have you been in your present position with the 

firm? 

6. How long have you been with your firm? 

7. What is your total number of years of managerial experi- 
ence? 

8. Please indicate your educational background by checking 
the appropriate item below : 

A. High school or less 



i j] ege 



B. S< 

C . Col.le v ■ aduate 
D. Some poster.', duate work 
E . ? !a r te r s d e q r a e 



F. Ph.D. 



9. If you are a college graduate, please indicate what 

degree or degrees you hold and the major field of study 
for each decree; 



TC> r> -v* +- T T 
£ CL JL If X X 



For each of the following eight statements please indicate 
your degree of agreement or disagreement by checking the 
expression which best reflects your opinion; 

1. The department head alone should determine the methods 

to be followed in attaining departmental goals and objec- 
tives. Strongly disagree ; Disagree ; Uncer- 
tain Agree ; Strongly agree - 

2. Most employees feel unduly burdened if they are given 
added authority and responsibility. 

Strongly disagree ; Disagree ; Uncertain ; 

7\gree ; Strongly agree . 

3. A manager can make effective use of the authority he 
possesses due to his position in the organization only 

to the degree to which he is accepted by his subordinates 

Strongly disagree Disagree ; Uncertain ; 

Agree Strongly agree , 

4. The personal goals and needs of employees are satisfied 
if they are paid adequate wages. 

Strongly disagree ; Disagree ; Uncertain ; 

A.gree ; Strongly agree . 

5. Most employees will exert their fullest cooperation and 
effort if they are allowed to take part in and are given 
responsibility in making decisions that affect their \ on. 1 : 

Strongly disagree ; Disagree ; Uncertain _ ; 

Agree ; Strongly agree 
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6. Close supervision is desirable in the interest of effi- 
ciency . Strongly disagree_ ; Disagree ; 

Uncertain ; Agree ; Strongly agree , 

7. Most employees crave increasing responsibilities and 
independen CG » 

Strongly disagree ; Disagree ; Uncertain 

Agree ; Strongly agree . 

8. Before mating the final decision himself, the manager 
should first let his subordinates search the various 
alternatives and evaluate their consequences. 

Strongly disagree ; Disagree ; Uncertain ; 

Agree Strongly agree , 



Part III 



What motivational factors do you feel contribute most posi- 
tively to job satisfaction among employees? Please answe 
this question by use of the following list of motivations 
factors. From the list choose the five (5) factors which you 
believe contribute most positively to job satisfaction and 
indicate your choices by check-marks. 



Achievement 



Advancement 

_Cornpany policy and administration 
Opportunity for personal growth 
_Recognition for achievement 
^Relationships with other employees 



Res pon s ifo i 1 i ty 



Salary 

Security 

Status 

Supervision 

Working conditions 

The V'Ork itself 






L ini 1 at ion? of t he Stu dy 



There are two major limitations of this study. > v i 
is the fact that the group of companies selected as v*r- LI .3 
the companies from which the group of managers war. selected 
arc heterogeneous with respect to industry and product cl as si 
fication, There are differences in production automation 
between industries and from one product to another. It is 
w c 1 i known that production automation in the petroleum indus - 
try is quite different from automation in the metal working 
industries. Within the metal industries the automatic pro- 
duction of wire in a continuous strip is a process very 
different from the automatic production and assembly of 
automotive engines . Because of these differences between 



automated processes, the effects of automation on management 
may vary from industry to industry and from product to prod- 
uct. This study was undertaken with this possible limitation 
in mind. However, a fundamental assumption was made that 
while the companies surveyed may be heterogeneous in terms 
of industry and product classification, the management of 
these companies is close to homogeneous based on the prin- 
ciple of the transferability of management and the univer- 
sality of the major functions of management. The study of 
the effects of production automation on management v;i thin 
given industries is an area for further research. 

The other major limitation is that the study does not 



account for the effects of ccmoanv si?.e on management for 



the funct:' •' f .b- functions and olc-wonts investigated . 1 

3 s quite 1 5 holy t- nt size of the f 3 >*m does have an effect, 
for example, on the extent of long range planning. Tno 
realities of the research situation precluded measuring the 
effects of size. This too is a possible area for further 
research . 

T he Order of th e St udy 

The subsequent material of this study is organized i 
the following manner. 

Chapter II presents a review of the relevant litera- 
ture including sections on the definition, history, and. 
state-of-the-art of automation. This chapter also includes 
a discussion of the parallel development of the management 
process and technology, 

Chapters III, IV, V and VI contain the report of the 
primary research effort conducted in conjunction with the 
study. These chapters are concerned with the effects of 
production automation on the managerial functions of plan- 
ning, controlling, organizing and staffing, and directing 
respectively , 

Chapter VII completes the study by giving a summary 
and the significant conclusions. Certain illustrative 
materials are presented in the Appendix. 
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REVIEW OF 



THE LITERATURE 



Introduction 



Technological change in the torn of automation has 
received increasing attention in recent years among men of 
academia, government, industry and labor. The increased 
interest i.n automation is manifested by numerous books and 
articles written on the subject, by congressional hearings, 
by government contract studies undertaken, by the establish- 
ment of labor committees to evaluate the impact of automation 
and by a number of conferences and seminars on automation 
sponsored by educational and other non-government organiza- 
tions. It has been said that the world is experiencing a 
"second industrial revolution" which might be appropriately 
termed "the era of automation. Some have called this a 
mental revolution to distinguish it from the first industrial 

revolution which extended and replaced the muscle power of 

2 

men and animals with machines. No w, certain mental func- 

tions can be taken over by automation devices such as elec- 



tronic computers and feedback-control.! ed transfer machines. 



^William Francois, Automa tion. : In dust rializati on C ome- 
of Age (New York: The Macmillan Company, IP , p. 22. 



2 , 



S hils , A u t oma t i o n 



(New York: Holt, 1 in chart and Wins! on, Ire. , 



I n d u s 1 via 1 Re la t i o r u 

“lfr.7 "}V p'. 4 
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Continuous advance in manufacturing technology has 
been a major factor in man’s climb toward a more productive 
civilization. Automation signals a significant advance in 
production technology. Made possible largely by advances in 
electronics , automation is a complex technology , employed in 
such systems as automatic transfer and assembly in the metal 
working industries and the continuous flow processes of the 
petroleum and chemical industries. 

Observers arc divided in their attitudes about the 
consequences or effects of automation. Discussion and debat 
range over a broad spectrum of social and economic questions 
related to automation. This dissertation is limited to a 
study of certain effects of industrial production automation 
on management. The purpose of this chapter is to review the 
relevant literature to provide a foundation for the study. 

The Proble m of Definition 

Automation is no longer a new subject and yet a multi 
plicity of definitions continues to cause semantic confusion 
The Clark Committee on Manpower Pol icy of the United States 
Senate observed: 

This lack of understanding (of the impact of techno- 
logical change) stems from a confusion of tongues--a 
failure to define terms and a tendency to lump all 
technological developments under one increasingly 
meaningless term: automation. A paucity of statis- 

tical data and a tendency to ignore that which, does 
not square with cherished preconceptions is also to 
some extent responsible. A final element has been the 



natural tendency of every expert to examine on y hi.; 
own part ot the elephant."' 

The confusion surrounding the word "automation" is 
such that it has been used to characterize technology as b th 
an evolutionary and a revolutionary process, to describe, the 
novelty of arrangements that link one machine with another, 
and to denote the unusual capabilities of engineering forms, 
particularly those that improve upon the contributions to 
productivity otherwise made by labor. The term has been used 
to describe almost every economic change that might be con- 
templated, including changes in plant layout, prodxict design, 

A 

job design and methods for quality control, ' as well as the 
application of electronic computers to non-manufacturing 
processes, often referred to as "office automation. " 

Adding to the confusion, has been the tendency to use 
the word "automation" to suit a variety of vested interests. 
It has been used as a technological rallying cry, a manufac- 
turing goal, an engineering challenge, an advertising slogan, 
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IJ.S., Congress, Senate, Subcommittee on Employment 
and Manpower of the Committee on Labor and Public Welfare, 
Toward Fu ll Employment : Prop osals for a C omprehensive 

Employment and Manpowe r T -ol lcy in the Unit ed States , 8 8th 
Cong., 2d Sess. , 1964, p, 15. 
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Paul E. Sultan and Paul Prasow, "Automation: Some 

Classification and Measurement Problems," A utomation : A 

U:i scussion of Resear ch Methods . Labor and Automation 
Bulletin No. 1 (Geneva: International Labor Office, 1964), 
pp . 9-10. 



a labor campaign banner, and as the symbol of ominous tech- 
nological progress. “* 

Part of the confusion can be traced to the origin of 
the word "automation," Two men are claimants to authorship 
of the term. D. S. Harder, a Ford Motor Company executive, 
and John T. Diebold, a well-known management consultant, - 
coined the word independently of each other and gave it 
different meanings. Harder is said to have first used, the 
word in late 1946 to describe automatic transfer of work- 
pieces from one machine to another in the production process 
without human aid. He was referring to the automatic romovu 
of sheet metal stampings from heavy presses by mechanical 
hands and arms. John Diebold coined the terra as a contrac- 
tion of the word "automatization" which he found too awkward 

7 

and too difficult to spell. 

In the aftermath of this dual origin of the term auto 
nation, a profusion of definitions has been forthcoming. 
Furthermore, it is apparent that the word is often used as 
a synonym for technological advance. Therefore, it seems 
desirable to review the definitions which have been offered 



James R . Bright, Aut omation and . Management (Norwood, 
Massachusetts: The Plimpton Press, 1958), p. 4. 
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II. Douglass Eowe, A utomat ion to Date , American 
Management Association T 'anuf acturing Scries No. 209, p. 24. 

/ John T. Diebold, Automatio n , The A dven t of the Aut o- 
matte Factory (New You).: o. Van Nostrand Co., 1952), p. ix , 



T 



1? 



and to discuss th>- cii. s tinot i on:: bot'-e ri techno Ion :i cal advance 
and automation •. hich have been suggested. 

To Harder, the word originally meant the mechanizeo. 
handling of materials or parts between,, into, and out of 
machines. This concept has been labeled "Detroit automa- 
tion." Automation by this definition can be narrower 1 to 
specific conveyor equipment. Dieboid has a somewhat bxoader 
concept of automation: 



Automation is a nev; word denoting both automatic 
operation and the process of making things automatic. 
In the latter sense it include:- several areas of 
industrial activity such as product and process 
redesign, the theory of communication and control, 
and the design of machinery. 



Harder later modified his original concept of auto- 



mation . 



He concludes that it is a 



"philosophy of manufac- 



turing" and. believes that the original definition must be 

broadened to include the design of parts, methods for their 

9 

manufacture, cind production too L control systems. 



Open- loop and Closed-loop Control 

Dieboid, in elaborating on his concept of automation, 
states that "automation is possible only through use of the 
recently acquired ability to design and construct a wide 
variety of closed-loop control systems . Underlying this 

8 Ibi d. 
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“Anderson Ashburn , “ Au toma t ;L on — 1 1 s Development in 
Metalworking," M eeh an i cal Engineerin g (November, 1955), 
p , 960. 

J ' v) D i. ebo Id , or . cit. , p . 13. 



statement is a key concept in complete automation- that is 
the replacement of the human mental function with automatic 
controls. There are two ha sic types of cont.ro 1 ---open- lo on 
a nd closed- Lo op . illustrated in Figures 1 and 2 respectively. 
The main difference between these two types of control is 
that if the function of controlling a process is not com- 
pletely automatic, so that a human operator must adjust the 
process, then the operation has an open-loop control. In 
the open- loop system the human being controls by visual or 
other inspection methods to measure deviations and make cor- 
rective adjustments. The most important control character- 
istic from the standpoint of automation, the ability to 
automatically correct errors, is not present in open-loop 
systems. In a closed-loop system a completely automatic 
controlling device fills the gap> represented by the worker 
in the open-loop system. The essential features are the 
automatic measurement of output, sensing unacceptable devia- 
tions and issuing corrective orders to the machinery or 



equipment being controlled. 

The closed-loop aspect of automation draws heavily on 
the concepts of "cybernetics." The word, "cybernetics," was 
coined by Dr. Norbert Wiener to mean "the entire field of 
control and communication theory, whether in the machine or 



in the animal. 



„11 



Wiener explains the feedback principle in 
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"‘Norbert Wiener. Cybernetics (New York: John Wiley 
and Sons, Inc., 1948), p. 19. 
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Figure 1. Open-loop control system. 
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Closed-loop control system. 



this way: "When we desire a notion to follow a given pattern 

the difference between the pattern and the actually performed 

motion is used as a nev. 7 input to cause the part regulated to 

move in such a way as to bring its motion closer to that 

12 

given by the pattern." ' According to 'Wiener, the steering 

engines of a ship are examples of early and well developed 

] 3 

forms of feedback mechanisms. ' While expressing some con- 
cern about the understanding of the relationship between 
automation and cybernetics, Albert P. Sperry points out that 
we find cybernetics thought of as just another phase of auto- 
mation.^ Bright reflects a similar view: 

Thus "cybernetics," the "automatic factory," and 
"automation" began to be blended in general usage as 
interchangeable phrases or parallel concepts, implying 
a wave of autcmat.icity and., the mechanization of control 
and many mental processes . 

Another approach to the relationship between automa- 
tion and cybernetics, that centers on the degree of auto- 
mation allowed, has been proposed by Donald N. Michael. Ke 
contends that the word "automation" does not typically imply 
computer applications. To delineate that situation, he 
proposes that, information technology involving the use of 



L Ibid . > P • 13 . 
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The word "cybernetics" is derived from the Greek 
word for "steersman." 

■^Albert F. Sperry, "The Nature of Automation," 

Kee ping Pace with Automation , Special Report bo. 7 (Nev; York: 
American Management Association, 1956), p. 14. 
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Bright, op, cit . , 
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computers (labeled "cybernetics' ) he joined with automation 
under the terra "cybernation." Viewed in this v/ay, any auto- 
matic control mechanism involves automation, but when the 
control functions involve the use of computers, including 

numerical control of production operations or other hybrid 

16 

applications, then that is cybernation. 



Proposed Distinctions Bet ween Automation and Technological 



Advance 



Regarding the problem of synonymous usage of "auto- 
mation" and "advanced technology," Sultan and Prasow discuss 

17 

classification systems proposed by Killing sworth and 

18 

Buckingham which help to clarify the distinction. In 
Kiilingsworth ’ s system changes of economic activity are 
viewed as a series of concentric circles, with the outside 
circle representing all forms of economic change. Such 
activity is affected by changes in the availability of 
resources, changes in trading boundaries, the development of 



^Donald N. Michael, Cybernatio n : The Silent Conquer 

(Santa Barbara: Center for the Study of Democratic Institu- 
tions, 1962), p. 6. 
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U.S., Congress, Senate, Subcommittee on Employment 
and Manpower of the Committee on Labor and Public Welfare, 
Nations Manpower Revolution, 88th Cong., 1st Sess„, 1963, 
Part. 5, pp." 1462-1466. 
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Walter S. Buckingham, Jr., "Automation, Employment 
and Economic Stability," Automation and Society , eds. Howard 
B. Jacobson and Joseph S, Roucek (New York: Philosophical 
Library, 1959), pp. 231-233; Walter S. Buckingham, Jr., 
Autom atio n : I fcs Impact on Bus i nes s and Peo ple (New York: 

Harper & Row, .1963), rp. 11-48. 



n cw a n d s ub sti tube products , 
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changes in the va.i x of resources 
used in production, or changes in managerial efficiency. 
Within this circle is technological change, defined as inven- 
tive activity such as the use of pure oxygen in steel making . 
In effect, it represents changes in those capital forms 
through which economic resources are transformed into goods 
and services. Contained within the circle of technological 
change is the circle of mechanization, a specific kind of 
change in production technique. This involves the applica- 
tion of machinery to tasks formerly performed by human or 
animal labor or the application of labor-saving techniques. 

In this classification system, automation is represented as 
the core circle, and is defined as engineering forms that 
increase the degree of self -regulation of the mechanization 
process. It is conceded, however , that the perimeters of 
the circles cannot always be clearly established and the 
fuzziness of the distinction becomes greater as the core 
circle of automation is approached. In reality there is a 

considerable range to the degree of sophistication and the 

19 

rorm of such regulating mechanisms. Nonetheless, this 
classification system contributes to an understanding of the 
essential distinctions between automation and advanced tech- 
nology . 

Similar distinctions have been proposed by Walter 
Buckingham. In his system of classification, technology 

19 

Sultan and Prasow, op. cit . , p. 16. 



encompasses mechanization, mass production and automation, 



evolving historically in that order. Mechanization involved 

the use of machines to perform 'work; mass production involved 

a new technique for organizing for production; and automation 

20 

is a technology based on communication and control. 

These efforts to isolate the distinctive elements of 
automation stress the self-regulation of the production pro- 
cess , 



O ther Definiti ons of Au tomation 

Numerous others have offered definitions of automation. 

Soon after Harder coined the word Rupert Le Grand, Associate 

Editor, "American Machinist," defined automation as: 

.... .the art. of applying mechanical devices to manipu- 
late work pieces into and out of equipment, turn parts 
between operations, remove scrap, and to perform these 
tasks in timed sequence with the production equipraent 
so that the line can be put wholly or partially under 
push-button control at strategic stations. 

A definition proposed by Milton Aronson is more pre- 
cise in defining the motives and devices used in automation. 
His definition states that "automation is the substitution 

of mechanical, pneumatic, hydraulic, electric, and electronic 

2 ? 

devices for human organs of decision and effort." “ This 
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'Rupert Le Grand, "Ford Handles by Automation," 
American Machinist, Vol . 92, No. 22 (October, 1948), pp. 107- 
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Milton H. Aronson, "Automation and Economics, 
Instruments and Automation (June, 1955), p. 893. 



definition includes and yet- differentiates bet eon, dee. i si on 
devices such as computers and effort devices- — e . g . conveyors, 
valves and motors. It also points out that specific devices 
used in automation are mechanical, pneumatic, hydraulic, 
electric and electronic in nature — thus emphasizing that 
such devices are not primarily cither mechanical conveyors 
or electronic computers. 

In hearings before a. congressional subcommittee to 

explore the nature and implications of automation a number 

of prominent witnesses stated their concepts of automation. 

Ralph Cordiner said that, "For practical purposes in planning 

manufacturing facilities, General Electric defines automation 

as 'continuous automatic production, 1 largely in the sense 

of linking together already highly mechanized individual 

operations. Automation is a way of work .based on the concept 

of production as a continuous flovr, rather than processing 

23 

by intermittent batches of work. Dr. Edwin G. Nourse, 

former chairman of the council of Economic Advisors, viewed 
automation as a continuation of the scientific management 
movement but emphasized the new application of electronics 
to the control of mechanical and chemical processes: 
"(automation) has its roots in mechanization, to be sure, 
but something new was added when electronic devices made 
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’u.S,, Congress, Joint, Subcommittee on Economic 



Stabilization of the Joint Committee on the Economic Report, 
Hearings, Aut om ati on and Technol ogic al Ch ang e , 84th Clrr.g .. • 
1st Sess, , 1855, p, 424. 



pons a ble 

■>4 

pic. " 



the widespread appli 
Walter Reuther expre 



at\ on of the feecihac? princi 
red hi r concept of antenati on 



a s : 

....Automation is the second phase of the industrial 
revolution ... ..Automation makes a completely new devel- 
opment iii the technological process because automation , 
in addition to substituting mechanical power for human 
power , begins to substitute mechanical judgment for 
human judgment the machine begins to substitute the 
thinking process on a mechanical basis for the thinking 
process v/higg heretofore was done exclusively by the 
human mind. 

In a more recent definition of automation Jaffe and 
Froomkin state: "This term should be reserved for that, type 

of production process utilizing the automatic feedback prin- 
ciple, in which a control mechanism triggers an operation 
after taking into account what has happened before. The 
feedback principle generally distinguishes automation from 
mechanization," 3 They further sLrt.e: "The ultimate in 

automation is the closed-loop process, a method of operation 
which requires no human interference from the time the raw 
material is inserted into the machine to the time the fin- 
ished product is stored or stacked at the end of the produc- 
97 

tion line. 

From the foregoing review of definitions it becomes 
obvious that there is no standardized, uniformly accepted 
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definition of automation. There does, however, app- \x to be 
wide agreement that essential to the complete automation of 
manufacturing and processing systems are the concepts of 
continuous flow and closed- loop automatic control. Partial 
automation can be considered then to include processes which 
are characterised by "islands" of automation, i.e., the 
entire process is not automated in an uninterrupted f low from 
start to finish but there are segments of the process that 
are automated. 



The H istor y of Automation 

The German monk, Magnus, is said to have spent 30 
years in building a robot which advanced to the door when 
someone knocked, opened it, and greeted the visitor. Fox* 
his efforts, Magnus, a learned scientist, gained only a 
reputation as a sorcerer among his contemporaries in 13th- 
century Europe. The Magnus story seems a pleasant fable but, 
if fact and fancy had been joined, be might today be known 
as the "fattier of automation." 

Actually, the beginning of automation is obscure. 

The ancient Chinese developed some ingenious devices includ- 
ing the "south-pointing chariot" and water hammers for 
grinding cereals. Plans for an automatic sawmill, an auto- 
matic file-cutting machine and other "automatic" devices are 
found in the works of 15th-century Leonardo da Vinci . 



In thin section the history of automation will be 
traced from three standpoints: (1) the cvoluti on of centre] 

device s ; (2) the evolu tion of cont j nuous f low of as sem bly ant; 

transfe r operations y and (3) the evolution of data processing 
aut.o.mation . The latter Is included because of the fact that 



electronic computers, which are, in part, the evolutionary 
result of office automation, are now being applied in the 
manufacturing process itself as control devices. 



The Evolution of Automat ic Contro l Devices 

Very early examples of automatic control devices 
include the float control valves used in the plumbing sys- 
tems of ancient Rome and another Roman water device for 
automatic control of temple doors. Around 1680 Denis Fauin 
invented the pressure cooker which employed the open-loop 
system of control. In 1713, Humphrey Potter, then an English 
teenager, developed a method of controlling the flow of steam 
in steam engines by using a slide valve mechanism linking 

piston and valves. Through this linkage, steam was admitted 

28 

to or exhausted from an engine cylinder automatically. 

There is a long history of a movement to achieve more 
automatic control in the textile industry. In 1725 Basil 
Bouchon suggested the use of punched paper tape as a means 
for controlling the operations of a hand loom, and three 



2 R 

Pau] T. Veillet Le , "The 
Automation," Automation and Eocjl; 



se of the Concept 
2E* ci 1 . , p. 5. 



ot 



28 

years later T 'aicon designed the first punclied card control. I •<« 
machine. In 1745 Jacques de Vaucanson adapted Falcon’s 
machine to punched tape. It was not until the early part of 
the 19th century that Joseph Jacquard made practical applica- 
tion of these advances on a large scale. He perfected a 
loom controlled by punched cards. The holes in the cards 
contained the weaving pattern and determined needle selection, 
Jacquard's cards permitted diverse and intricate patterns to 
be produced cheaply and accurately, and, by 1812, there were 
11,000 of his looms in operation in France, 

The Dutch windmill was first devised during the Middle 
Ages, but in 1745 feedback control was added such that the 
sails of the windmill were kept facing into the wind by 
small sails placed ^it right angles to the large sails. 

Later, in 1772, a further improvement was added in the form 
of a spring which operated to reduce the area of sail if the 
wand became too strong, thus avoiding damage to the mill.*" 

A more mechanized invention employing the feedback 
principle was James Watt's flybail governor developed in 
1788 to control the speed of steam engines. Before Watt's 
invention engine speed had been regulated manually by a 
throttle valve. By linking a flybail, or centrifugal, 
governor with the output shaft of the engine and also with 
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Andrew D, Booth, ''Introduction, ” Progr e ss in Auto 
nation , ed , Andrew D. Booth (London: Butter worth s Ccienti ie 
Publ icati ons , 1960), p. 4. 
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the valve that controlled steam input, I became possible to 
maintain constant engine speed automatically. As the engine's 
speed, increased, the flybaills of the governor were impelled 
outward proportionately, decreasing the supply of steam to 
the engine and consequently slov 7 ing it down. Conversely, if 
the shaft turned too slowly, the balls collapsed inward, 
gradually opening the input valve. The self -regulation which 
was a chi eved represents an early example of closed-loop con- 
trol . 

The first application of the feedback principle to the 

steering of a large steamship, the Great Eastern , occurred 

in 1868. This was accomplished by a linkeage system between 

the helmsman's wheel, the throttle of the steering engine 

and the ship's rudder. Four years later, in 1872, Joseph 

Farcot, a Frenchman, coined the word "servo-motor" in naming 

a similar, but more advanced, ship’s steering engine. ^ 

The monotype, invented by Lanston in 1887, provides 

an example of the expanding range of applications for punched 

tape control. This invention used a punched tape to govern 

the casting and assembly of type. Fore recently, in 1948, 

a system for operating a lathe with punched tape was 
3] 

demonstrated. An example of automatic size control was 
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tr.ot developed bv Bryant in 1931 for use. on grinding 
3 ? 

Machines , 

A par Licularly significant event jn the-- progress of 
an tom a l. ic control w a s t h e d o v e 1 o pin c i i t of t h e a n a 1. o quo c 01 a * - 
puter by Dr. Vannevar Bush during the 1.930's. The design of 
analogue computers, and later electronic digital computers, 
resulted from the pressure of scientific and military demands 
Analogue computers were used m World War XI to direct na.val 
and anti-aircraft guns automatically. These computers are 
now used in some of the liquid-products industries to control 
processing , 

-tils. E volution of C ontinuous Floy; of Assembly arid Transfer 
Op or 3 . tions 

Thus far this historical review has related to the 
evolution of automatic control. The history of automatic 
material handling, including assembly and transfer opera- 
tions, dates back at least to 1784. A»t that time Oliver 
Evans built a "fully automatic" flour mill on the outskirts 
of Philadelphia . Using three basic types of conveyor mech- 
anisms in a continuous production line, as well as controls 
to regulate grinding, Evans succeeded in mechanizing the 
entire process from raw grain to bagged flour. In addition 
to its automatic features, Evans ' mill produced better 
quality flour, being cleaner and more uniform than the 
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Automatic Electrical Sizing Equipment for Bryant 
Chucking Grinder/' ibid. (April 23, 193.1 ), "pp. 664-665*. 
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flour from conventional mills of its day . This achieve; ion l 
is considered by some to mark the beginning of continuous 
transfer and assembly, v?ith the product untouched by human 
hands during processing. 

In 1789 Eli Whitney first manufactured the inter- 
changeable part, a development which was a prerequisite to 
the automatic assembly of discrete products. In England, 

Marc Brunei set up a highly mechanised factory which by 1808 
was producing 130,000 pulley blocks a year. Brunei's 
machinery system enabled ten men to produce output previously 

3/5 

requiring 110 men.' ' By 1833 biscuit-making at the "victual - 
ling office" of the British Navy had been mechanized. The 

35 

first commercial gear-cutting machine was produced in 1855. 

An important milestone in automatic production was 
Ford's moving assembly line which was originally developed 
during the period from 1913 to 1915. Ford's original moving 
assembly line operations were limited to only magneto and 
chassis assembly. Thus, the assembly .line only partially 
mechanized the f low of parts and subassemblies through the 
plant . F\ir thermore , the line did not employ automatic assem- 
bly or transfer. Since then , many functions in automobile 
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assembly have been mech sized and efforts to ’nrd more auto- 

\ 6 

matic nssombiy and transfer nave been the trend." 

Soon after the Ford assembly .line vans initiated, in 
3.920, the A. 0. Smith Corpora tion completed a plant for 
manufacturing automobile frames automatically. The Smith 
plant, complete with automatic handling and assembly devices, 
turned out an automobile frame every eight to ten seconds . 
About 552 operations were performed on each frame in its 
1 1/2 hour manufacturing cycle. Men were required, however, 
to transfer portions of the frames from one production line 
to another. Also, in some operations, men had to assist the 
machine in positioning parts accurately befox'e actuating the 
production mechanism. Nonetheless, the labor content was 

O 1 

very low."'' A few years later the Budd Wheel Company con- 
structed a machine for the automatic production of automobile 
wheels. The first truly automatic transfer machine appears 

to have been used in the Morris Motors plant in Coventry, 

3 8 

England, in 1924. The transfer macnine unites varied 
operations in a single device and can move a work-piece from 
one station to another without human aid. In this country, 
in 1929, Graham-Page Motors installed a system of transfer 
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to Run Without Men," 
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devices in their cylinder department. " lJy .1954 two auto- 
mobile manufacturers had refined product design and assembly 
systems to the point where the car body could be deposited 
in place on the chassis without human help in positioning. 

As of 1957 some production machines had been integrated with 
the conveyor system to perform the operations on each part 
as it moved along the assembly line. These machines, typi- 
cally welders, paint sprayers and testing devices, were timed 

to move with the conveyor during the interval of operation 

40 

and then return to their initial locations. 

The Evolution of Data Processing Aut o mation 

Electronic digital computers, which are partially the 
evolutionary result of office automation, are now being 
applied in the manufacturing process to effect overall con- 
trol. Therefore, a brief history of the evolution of the 
computer seems desirable. 

In .1642 the French mathematician, Blaise Pascal, 
invented his Machine Ar i thme tigue , the first adding machine. 
The first genuine multiplying machine was invented by Von 
Leibniz in 1670. An adaptation of Pascal's adding machine, 
it multiplied by repeated additions, just as the electronic 
computer does today. The Hermann P lani meter , the first 
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integrator, was invented in 1814. 



numerical 
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lug the early contributions of Pascal and Leibnia, it was 



not until about .1820 that Thomas de Colmar produced the 

first commercially practical office calculator, known as the 
4 2 

A r it home ter . Charles Babbage, in 1833, designed the first 

general purpose digital computer which was termed a “differ- 
ence engine.'' Although Babbage's computer was never built 
because of the technical limitations of his day, it was to 

be a mechanical computing machine similar in many respects 

4 3 

to today's electronic data processing machines. 

Punched paper tape and punched cards, previously men- 
tioned in the history of automatic control, have also been 
important in the development of office automation and the 
electronic computer. These media made possible intercommun- 
ication among and with office machines by providing a common 
language. In 1870, Jean Baudot, a French civil servant, 
extended developments in paper tape by perfecting the five 
hole column punched tape. Baudot designed the tape to serve 
as the common language for various models of telegraph 



machines. As the office equipment industry advanced, 

Baudot's five channel tape became the common language link 

44 

among a wide variety of office machines. 
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This was a 






signif icet t step toward integrated data processing. The 

first punched car d accounting machines were devised by 

Dr. Herman Hollerith in 1086 for the purpose of processing 

45 

U.S. census .information. 

The first large scale,, general purpose, truly auto- 
matic digital computer was developed at Harvard from 1937 to 
1944 . Known as the . Mark. I, this prototype of the modern 
digital computer was not electronic but was electromechanical 
in operation and contained more than 760,000 switches, relays 
counter wheels, cam contacts and other parts. Because of 
the desirability of increased speed and greater reliability, 
efforts were turned almost simultaneously toward the con- 
struction of an electronic digital computer. The first one, 
called ENIAC (Electronic Numerical Integrator and Calculator) 
was built at the University of Pennsylvania between 1942 and 
1946. Vastly superior to the electromechanical computer, 
which could perform only five to ten additions per second, 

the ENIAC had the capability of performing 5000 additions per 
46 

second. Succeeding the E NIAC has been a series of elec- 
tronic computers which with each generation, have grown 
increasingly sophisticated. Initially applied primarily to 
the solution of scientific problems, electronic digital com- 
puters are now in widespread use for the efficient handling 
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of business do t, and are being ; .■-'■re aid : *ore used f.o. tnc 
control of .industrial processes. 

This section has traced the historical a eve loo ao.nt of 
automatic controi , automated handling and electronic com- 
puters. Bringing the picture completely up to date in these 
three evolutionary streams would involve an endless catalogue 
of automation achievements. It v/iil be the object, however, 
of the next section to examine the current "state-of - the-ai t’ 
in industrial automation. 



The State-of-the-Art 



Many authorities have agreed with the view that there 
is nothing basically new about automation. John Diebola 
says: "Automation must be viewed in proper historical per- 

spective as a new chapter in the continuing story of man's 

4 7 

organization and mechanization of the forces of nature. 

Ralph Cordiner states: "it is important to recognize that 

'automation' is only one phase in the process of technolog - 



ical progress, a natural evolutionary step in man's continu- 
ing effort to use the discoveries of science in getting the 

4 3 

world's work done."' Professor Ralph C. Davis agreed with 



these views: "There is basically 



It is merely a continuation 
47 

' D i ebo Id , op . cl t . , 

^ ^ Ralph J. Cordiner, 
Industries," Automation and 



nothing new in automation, 
of the trend toward the transfer 

p. 158. 

"Automation in the Manufacturing 
Soc iety , op . ci t . , pp . 19-20. 



of work, skill, and into! !' i ger>eo fron man to the '-no 'line 
While appearing at congressional hearings previously refer r 
to, Dr. Clcdo Brunetti of Gencr:.] Mills Sn id at various 
times : 

First, I v/ant to point out that automation is not 
re.volu t ionary technique 
progress in mechanization. 
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a revolutionary technique, but a continuation o; our 



Automation, a newly coined word, to describe an 
old, old process,... 

Automation cannot be said to have begun on any 
certain date, nor can it bo said that it will end at 
any definite time. Automation is in truth but a phase 
of our continuing technological advance.... 

Similar opinions heave been voiced by many other individuals. 

From the standpoint of historical perspective, then, 
it nay be argued that there is basically nothing new about 
automation so far as concepts are concerned. The modern 
"gsdgetry , " which make automatic control and handling more 
feasible, and the extensiveness of the applications of auto- 
mation are new, however , In this respect, at least, automa- 
tion differs from the older concept of mechanization. 

Charles F, Hautau of Hautau Engineering Company reflects 
this view: "Since automation may be termed simply an accel- 

eration in the industrial revolution that the world has been 
undergoing for the past 200 years, its newness lies in the 
techniques used rather than in the science- itself."^ 
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Ralph C. . Davis, T ndustr i al Org an :- za t ? on and Manage- 
ment (New York: Harper and Brothers, 1957), p. 293. 
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Charles F. Hautau, "Techniques and Methods of Auto- 
Kooning Face with Automation, op. cit, , p. 29. 



mat ion , 



"/• ito- 



Similar] y Professor Edward Shi Is of Wharton 
vnation is not entirely new, but since World 
acquired increasing importance, primarily as 
development or complex cont.vol devices used, 
dur i ng the wa r . " ^ 



observes : 



War IX it hr. s 
a result of the 
by the mi .1 i t a j y 



While the workerless plant is still a thing of the 
future, the fact is that we are well into the automation era. 
During the decade of the 1950 ’s a surge of- mechanization 
took place in U.S. industry. More complete mechanisation 
was widely applied to certain functions, and by 19G0 it was 
possible to detect definite trends in application. According 
to Bright the more prominent ones included : 



1. Mechanization of more direct labor activites; 
in particular, the task of assembling parts. 

2. Mechanization of material movement (material 
handling); including movement, between machines, depart- 
ments, buildings, common carriers, and in storage 
operations . 

3. Mechanization of control activity; including 
the consolidation of controls for many machines in 
one control panel; program control, in which an intri- 
cate sequence of actions is directed by the control 
system; and feedback control, in which a high degree 
of self-regulation and correction is involved. 

4. ^Mechanization of testing and inspection activ- 
ities . “ 



Automatio n in Proce ss Industries 

In terms of types of industries, the "flow" concept 
of automation is most easily applied in the process-type 



’ Shils, op . ci t . , p. 3. 



James R. Bright, "Skill Requirement s and Wage 
Aspects of Automation , " Ind ustrial Relation s in the 19 60 1 s 
Probl ems ajnd Pro s pects , cds. George W. Taylor and Edward B 
Shils (University of Pennsylvania , 1961), Vol. T, p. 1. 
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i ndus trio. . Among these, petroleum refining and chemical 
production are representative of the most susceptible to 
automation. Thus, in these industries, a high degree of 
automation has been in existence for many years (as early as 
the 1920’s in petroleum). The distinctive characteristic of 
these production processes is that they operate on a contin- 
uous f low principle in which ingredients move in an uninter- 
rupted stream as they are converted from raw materials to 
products. Materials, generally liquids or gases, are con- 
fined in closed pipes or tanks during the production process. 
Gauges, valves and other instruments must be monitored in 
order to measure and interpret temperatures, pressures, 
liquid levels, and rates within and between processes. In 
modern flow plants process control is accomplished by a 
combination of operator control and automatic control, but 
the direct labor content is very low. According to Shils: 
"About 15 percent of current capital investment in petroleum 
refining facilities is for automation, and the direct labor 

costs in oil processing are less than 10 percent of total 
53 

costs. In addition to the petroleum and chemical indus- 
tries, there has been increasingly automatic production of 
materials that can be produced in a continuous sheet, strip 
or web, such as paper, plastics, rubber, cloth and even 
steel. Automation is well advanced in. parts of these 

~^Shils, ojd, cit , , 



p . 13. 
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processor-. In the £ Aow~piocess industries, beyond ?u tomnt.i e 
feedback instruments which turn valves, start and stop puropr- 
and motors, etc., the trend is toward more sophisticated 
instrumentation with computers directing and controlling the 
process under minimal operator supervision. 



The Automation of Discret e Product A ^n 

A salient distinction in manufacturing operations 
focuses on the differences between production in flow pro- 
cesses, described above, and production of discrete units 
of output. The metalworking industries, for example, engage 
primarily in discrete production. Automation in the handling 
and assembling of metal parts is more difficult to accomplish 
than in a flow-process plant. Also the variables of process 
control are different and generally more numerous. However, 
in recent years, there have been increased efforts to apply 
the principles of continuous flow and automatic control to 
discrete production processes. The greatest progress has 

been made in the manufacture of simple, high volume, stand- 
54 

ardi zed items, for example, screws and metal stampings. 
Beyond this, there has been a step-by-step progress toward 
greater automation in plants producing more complex end 
products , 
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Ralph J. Cordmer, 
I ndu s tr i e s , ” Au tomat ion a nd 



"Automation in the 
Soci oty , oo . c? t . , 



Manuf actui ing 

p . 20. 
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It should no l be assumed that the advantages of auto- 
mation are available only to large, mass-production com- 
panies. There are degrees of automation. Entire processes, 
parts of processes, or individual operations may be automated 
as conditions dictate. Automation may be. complete or par 
tial. Individual operations in which a high degree of auto- 
mation now exists include material handling, packaging and 
inspection. In addition to the design of complete and 
partially automated systems, the automation industry now 
places much emphasis on designing flexible automation equip- 
ment which is suitable for job-lot types of operations. In 
many cases advances in the automation state-of-the-art are 
facilitated by "rethinking" or redesigning the product and 
the production process. This is especially the case with 
regard to assembly operations, perhaps the most difficult 
of all to automate. 

Advanced automatic fabrication and control in discrete 
production has been achieved in many plants by uniting the 
information-handling capabilities of computers with produc- 
tion machines by means of “numerical control . 11 For example, 

4 

with numerical control, a machine tool can cut metal shapes 
automatically by following programmed" instructions recorded 
on tape or punched card. The tape oi" cards are read and 
interpreted by the computer which controls the motion of the 
machine tools and the workpiece. An automatic feedback 
system operates to detect and correct deviations 



from desired 



value- . H the lending edge of autom? ti on In discrete xo 
duction industries ire efforts , vherc- condi tions varrant, to 
achieve complete automation of the process from beginning to 
end through the integration of automatic handling, automatic 
assembly or fabrication and automatic control Some examples 
of automation applications and installations which are 
reported in the current literature are presented in the 
following paragraphs. 



Aut om atio n App 1 i c a t ions and Inst allations 

Since its original moving assembly line was completed 
in 1915, the Ford Motor Company has progressively stepped-up 
efforts to achieve continuous automatic production. Fox- ex- 
ample, Ford started operations in 1952 in a new engine 



in Cleveland. Engine blocks were produced by a battery of 
71 machines linked together in an automatic line 1600 feet 
long. The process includes over 500 machining operations on 
each block. When the plant first began operations output 
was estimated at 154 blocks per hour, requiring 41 workers, 
compared to 117 workers required to produce this number of 
blocks by use of previous methods . Since then continued 
improvements have made the plant, as it. was in 1952, obso- 
lete. Bright reported that "in four research visits to the 
Ford Cleveland plant over an eighteen month period, the 



cylinder Mock Dine never appeared the sumo twice . 



there 



A 1 '.'7 cl 'j a 

were changes in machinery since the last vi sit . " r> ' 

The Beloit Corporation recently completed construction 



of a continuous flow newsprint plant which includes an inte- 
grated control system linking all parts of the process. A 
computer monitors more than 200 critical points in the pro- 
cess and exercises direct digital control over operations 
throughout the process from wood grinding to finished paper 
reeling. The computer collects and analyzes operating data 
and advises the operator of unacceptable conditions. The 
paper making machine itself is 380 feet long and is con- 
structed so as to provide continuous-flow production . 

An example of advanced automation in the process 
industries, specifically the petroleum industry, is ESSO ' s 
rerinery near Southhampton, England. This refinery was 
recently presented "The Queen's Award to Industry 1969" for 
outstanding achievement in technological innovation. The 
refinery's production is directed, monitored and controlled 
by an "electronic watchdog system" which constitutes "the 
largest and most advanced use of computer control in the oil 

t7 

industry . " ” 
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Bright, Automation and M anagement , op. cit. , p. 61. 
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Papermaking in Prodigious Proportions," Autonation 
(January, 1970), pp. 84-85. 
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"Panorama , " The_ I. amp (New York: Standard Oil Company, 
N ew J e r s oy , w i n t er , 1969) , p 7 1 6 . 
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Current state -of t thc-ar t in automatic assc ibiy is 
exemplified by one type of "Benerson Automaton *' which auto- 



matically feeds, positions and joins eight separate parts 

in the assembly of small electric motors. The machine pro- 

58 

duces 1000 assemblies per hour. Another current automation 

device performs 12 automatic assembly operations including 

orienting, spinning, eyeletting, tapping, cut off, placement, 

screwdriving and staking in the assembly of a seven part 

59 

telephone component . 

The "Milwaukee-Matic" series of machines produced by 



the Kearney and Trecker Corporation provide an example of 
advances in numerical control. Nov/ in their fourth genera- 
tion, these numerically controlled machines are able to 
perform automatically a variety of operations such as cut- 
ting, reaming, tapping and boring. Capabilities include 
random tool selection, automatic tool changing, and auto- 
matic feedback control. 0 ^ The "Unimate Robot" is a multi- 
purpose handling and processing machine, which can be 

6i 

programmed to perform up to ISO sequential operations. 

Obviously, the examples presented here are not exhaus- 
tive either in terms of current automation applications or in 



tion 



58 

Electric Motors Automatically Assembled,” 
(December, 1969), p. 156. 
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An toma tion (December 


, 1969) , 
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Automation 


(January , 


1970^ , pp. 76-77. 
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(December , 


1969), p. 41. 
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toiTiC of utoraar-'d install at* on? . They art , howe\ o r , illus- 
trative cf the current state-of- the- -art n industrial . ato- 
nal, ion . 

Kanu "act ur j ng Oper ation s Current ! y Autonu j .ted 

Further indications of the state-of-the-art in manu- 
facturing automation are revealed by the extent to which 
specific manufacturing operations are currently automated. 

In a recent survey, conducted by the Market Research Depart- 
ment of Automation , companies in all manufacturing .industries 
throughout the United States were asked to specify which of 
their operations were automated. Responses to this question 
were received from 2,587 establishments. The results are 
shown in Table I which indicates, for each operation, or 
group of operations, the percentage of companies automated 
as of 1968. Table II, based on the same study, shows the 
trend, from 1961 to 1968, in the use of automatic controls. 
For the years 1961, 1963, 1965 and 1958 responses were 
received from 2,713, 3,440, 3,301 and 3,752 establishments 
respectively. The overall survey evidences an upward trend 
in the application of automation equipment and techniques 
in manufacturing industries. 

Management and Technological Evolu. 1m_on 

The purpose of this section is to briefly trace the 
development of professional management in relation to tech- 
nological evolution. 
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TABLE I 

MANUFACTURING OPERATIONS AUTOMATED 



% Automated 



Assembly Machines 34.3 
Calendering, Sheeting 5.3 
Casting, Forging, Rolling 6.1 
Cutting, Shearing, Forming 22.6 
Fi3 ling, Closing 15 . 2 
Finishing, Painting, Coating 17.0 
Handling, Conveying, Transferring 42,5 
Heating, Baking 21.8 
Heat Treating 12.2 
Inspection 13.5 
Machine Tools 20.0 
Machine Tools, Automatic Load & Unload 11.6 
Machine Tools, Tape & Card Control 11.0 
Mixing, B3.ond.ing 23.6 
Molding, Extruding 12,6 
Packaging, Bundling 25.8 
Plating, Polishing 7.4 
Printing, Marking 17,4 
Processing Machinery 27.8 
Production, Inventory Control 25.2 
Pumping, Proportioning 21.5 
Sawing 8 . 5 
Stamping, Drawing 14.0 
Storage, Feeding, Sorting .10.9 
Testing 15 2 
Warehousing 3.4 
Washing, Cleaning, Conditioning 14.3 
Weaving, Sewing, Stitching 5,3 
Weighing 23.0 
Welding, Riveting, Fastening 11.5 
Winding, Coiling 8.S 
Special Production Lines 17.8 



Operations 



3.968 Autom ation Tre nds Survey and Fore ca st , p. 16. 
(conducted by Market Research Department, A utoma - 
tion magazine) 



Source : 



TABLE IT 



TRENDS IN AUTOMATIC 


CONTROL 


- 1961 TO 


1968 






P 


ercentage 


of Plants 






1961 


1.963 


1965 


1968 


Drive and speed regulation 


76.4 


86 . 9 


87.2 


88.2 


Automatic control of 
sequence operations 


6 6.2 


77.9 


73.2 


79.2 


Process sensing and 
control instruments 


4 6.3 


54 . 9 


57.8 


62 . 0 


Automatic measuring 
and gaging 


47.2 


57.5 


56.6 


59.1 


Au toma tic we \ g'n n g 


30.0 


37.4 


37.9 


4 0 . 1 


Tape or punch card 
control 


26.9 


29 . 6 


33 . 8 


39.1 


Process analyzers 


o 

CO 


25.4 


23.9 


26.2 


Computer control 


6.0 


11.6 


15.1 


23.1 


Remote control 


8.7 


11.7 


14.5 


17.5 



1963 A utomat .ion Trends Survey and For ecus t , p. 11. 
(conducted by .Market Research Department , Au toma - 
t i o n ma gazine) 



Source: 
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The eraorgercf and direction o £ i.v mgenont thou- ;ht 
have hecn influenced by econxiic, social and pol it i cal fore- 
ah work in the environment as well as by teebnologi cal forcer;. 
For example, in enumerating what he considers the most stimu- 
lating concepts for the management, movement , John Mee 
includes "the Protestant ethic," "Social Darwinism , " and 

"hegel's dialectic," in addition to "technological aids to 
6 ? 

human effort." 

By the beginning of the nineteenth century the effects 
of the industrial revolution were trickling to the United 
States. With the 3:ise in technological innovation came a 
changing managerial environment and a resulting confusion 
for management as v’ell as for the workers * Old techniques 
and methods became obsolete. The decline of the craft system 
was unsettling to the skilled worker. Owners and managers 
were confronted with problems for which no precedents 
existed. They dealt with these problems largely on a trial- 
and-error basis. Management did not exist as a body of 
concepts . 

The United States was still predominantly a nation of 
small, individual business enterprises until af ter the Civil 
War. There was not a great deal of need for, nor much 
interest in, formalizing management thought. The advent of 
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To, Management Thought in a Dyn ami c Economy 



(New York: New York University Press, l r, 63) , g 
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ti c factory r.yptca \r d larqo industrial organise l ions c] ■> jcl 
this, The s i •/ o and complexity of factories led to problems 
that were impossible to ^olvo vrithout planning systematic 
relationships of work methods and effective organization. It 
was during this period- — the later part of the nineteenth 
century — that the growth of a managerial class became appar- 
ent. Management began to change from a day-to-day, brushf ire 



type of operation to a more all-inclusive/ longer -run 
approach. " Improvements were begun by .industrial managers 
and industrial engineers in methods of work and wage pay- 
ments. Cost control techniques and cost accounting practices 



developed simultaneously with waste control and operating- 
efficiency methods . 1 Out of this managerial ur-heaval 
emerged Frederick W, Taylor as the "father" of scientific 



management , 



Although Taylor 1 s work stressed the. development 



of standards and .improved efficiency he also devised tests 
for placing workers ana advocated higher wages to workers. 

He proposed a broader, more comprehensive view by management, 
incorporating the elements of planning, organizing and con- 
trolling. 



As the United States moved into the twentieth century 
the industrial revolution continued, and the scientific 
management movement gained momentum. Its methods became 
more widely known and recognized, and its techniques were 
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Ibid 
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e„ pamk'd a»vS shn r nmed . T.ue inert ? e 1 . ng .- .?.c and co i J.e-.i •„ 
of industrial enterprise .led to the growth in popular ity o 
the corporate form of business organization. This resulted 
in a change in the predominant type of managers from the 
typical pattern of one-man management . The corporate form 
required a degree of multiple management to accommodate the 
separation of ownership and management. There evolved a 
new stage of management thought T, h.ich concerned itself with 
the overall organizational problems of departmental division 
of work and coordination. Sometimes referred to as "admin- 



istrative management theory," this new stream of management 
thought blended with scientific management philosophy. 

During the period, from about .1905 to 1.930 , the "financial" 
type of manager was predominant. After the economic catas- 
trophe of the late 1920 's however, the financial managers 
lost public confidence and declined in influence. Subse- 
quently, the "professional manager" emerged, and during the 



1940's the conceptual framework for management developed 
into a "process for management." Henri Fayol first presented 
the concept of the "management process" in 1916. The manage- 
ment process, often referred to as the "functional approach," 
is. oriented around the functions of management--planning , 



controlling, organizing, directing and staffing. It per- 
ceives management as the process of setting and achieving 
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objectives or de r i :ed res Pits by the- use of po-op 
i tating resources . 



3na 



j c 
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Without elaborating on other "schools" of narrgtaent 
thought it is sufficient to say that the tooJs of modern 
management have increased dramatically since World W 7 ar u f 
particularly those techniques which facilitate analytical 
and quantitative approaches to management. Again ( these 
developments in management have paralleled rapid technolog- 
ical change- Some have said we are experiencing a second 
industrial revolution in which automation will play an 
important pare* In incus tria, 1 firms where extensive auto- 
mation takes place managers can expect a changed managerial 
environment . 



CHAPTER XI T 



AUTOMATION AND PLANNING 



In tro uuc t io n 



The managerial function of planning is defined by 
John Mee as: "the considering and the establishing of re- 

lated facts and assumptions in advance in order to design 
the chosen combination of actions that will result in 
attaining predetermined goals. Elements of the planning 
process include policy formulation, the development of stra- 
tegic plans, establishing goals and setting objectives and 



forecasting. Non-repetitive decision-making is also included 
as being central to the planning function. Mee states: "It 

is possible to make decisions without planning, but the 
thought of planning without decision-making is intolerable . : ^ 
It may be that planning is the managerial function 



most affected by automation. An observation by George Mo J lor 
reflects this belief: 



. . .planning is becoming the main preoccupation of top 
management. In fact, the faster the pace of change, 
the greater the need for planning for longer periods. 
This planning must recognize automation as the direc- 
tion in which all development points, in spite of the 



'John F . Mee, Managemen t Thought .in a Dynamic Leo; .on 
(New York: New York University Press, T9 63) 7 pm ~ u 0 . 
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f fact, that < K*ngcr • r» an ante • ’leu ov>t r t ' on <^r 
djfficvi.lt i c carry out than in a liar?:’- 1 onu . ' 

Pimiiurly, Prefer, -or Julius Roller efai.es: "Tne m -c. u.l 

function of p] arming is certainly of fueled by automation. 

Because of the major technical, financial and human problem’ 

involved in automated production , its introduction require 0 

a great deal of planning on a high 'managerial level well in 
4 

advance . 

The purpose of this chapter is to discuss certain 
probable effects of automation on the planning function and 
to report, in part, the results of the survey conducted in 
connection with this study. 

Ary Overvi ew o f E f fe ct s 

The Criticality of Pla nning 

Typically, the automated production line or process 

is a highly efficient producer of the product or products 

for which it was designed and usually a very unsatisfactory 

5 

producer of anything else. In most cases the fired costs 
of installing an automated system will be high in comparison 
to variable costs of operations. Once committed to an 

O 

“’George Molier, "Will Management in Smaller Companies 
Keep Pace with Automation," Advanc ed Mr n a g orient Jour nal 
(April, 1364), p. 48. 

A _ 

'vjulius Rosier, "Managerial Functions in the Era of 
Automation,'' i_bi d . , p. 53. 

“James R. Bright, An tor 's t j o n and Mana geme nt (Norwood, 
Massachusetts: The Plimpton Press, 1958), p. 22 C 



automated .line , channr-^ in deni gn or product betc very 
costly. With a large fixed. investment relative to vari dv 
costs, total costs cannot be appreciably reduced by cutting 
output. Fur thernor e , the labor force in an automated plant 
or factory is likely to consist of more salaried personnel 
Thus labor costs tend to be fixed also, because salaried 



technician^ , maintenance men, etc., must be kept on the job 
as long as the plant is operating, regardless of the level 
of output. Also, automation is most advantageous under con- 



ditions of stable, continuous output. 



Therefore, even mate- 



rial costs may tend to be relatively fixed due to the 
necessity of long-term commitments for materials in order to 
ensure a continuous supply. The combined result of all these 
factors is that the completely automatic plant is relatively 
inflexible as to product and volume. This means that the 
function of planning, particularly long-range planning, be- 
comes much more critical in the overall management process. 
The difference between a relatively high degree of flexi- 
bility in a conventional plant and the inflexibility of an 
automated plant demands extremely competent, realistic and 
sound advance planning . 



Expanded Planning Horizon 

Automation is characterized by the interdependency 
and the integration of the various elements of the production 
system. The flexibility of individual. 



multi-purpose , 



relative Iv moveable machi nee the t can oe .--..lifted ..rennet ana 
adapted to another product is not present. Consequently, 
the need for careful system design is much greater in the 
automated plant, production line, or suhsvstom. Tins re- 
quires that Management expand its planning horizon. Since 
chancres are usually so costly once a process is automated, 
it is necessary to anticipate required changes and design 
the system to accommodate them with minimum difficulty. 
Furthermore, a commitment to automate has to be accompanied 
by very careful planning and analysis with regard to such 
factors as product demand, technological obsolescence and 
life of the production system. 



Herbert Simon has predicted an expansion of manage- 
ment. 1 s time perspective : 

. . . . in future years the manager's time perspective 
will be lengthened. As automated subsystems take 
over the minute-by-minute and day-by-day operation 
of the factory and office, the humans in the system 
will become increasingly occupied with preventive 
maintenance, with system breakdowns and malfunctions, 
and — perhaps most important of all — with the design 
and modification of systems .... the company execu- 
tives will be much, more concerned with tomorrow's 
automatic factory. 



Effe ct of Integration on Managemen t Philoso phy 

The integrated and interdependent nature of automation 
means such a basic change in production that management 
philosophy is .Likely to be affected in a way that amounts 



Herbert A . S i rn o n , 
and Ha nag erne n t (New York : 



The Shane o_f Auto mation for Men 
Harper & ‘how, 11)65) , ppV ' '•7-4 8 
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to an expandc d 10; of the en,t er;* f.i.M . Dm* \t i *?ch • >x> z L j>i, 
production is oro.ani zed r oond the tr adi.t.i ora J divisior • of 
.labor and the subdivision of functions. Automation involve:;. 



a movement away from the division of labor. Instead it 
requires that the production process ho viewed as a complete 
integrated system from introduction of ran material to com- 
pletion of the final product or subassembly. 

The Impor t ance of Foreca s ting 

While various types of business forecasting act.ivitie 



are highly desirable in conventional manufacturing enter- 
prises, the forecasting element of managerial planning be- 
comes even more necessary in automated plants . The marketin 
of a high volume of generally standardized product coming 
off an automated production line has to be planned . Greater 
emphasis is therefore likely to be placed on sales forecast- 
ing which must be wedded to production forecasts. The 
requirement for increased numbers of skilled technicians to 
man the automated facility suggests more rigorous manpower 
forecasting. Likewise, the high fixed cost of automated 
systems and subsequent changes indicates a need for longer - 
range financial and profit forecasting. It is therefore 
postulated that forecasting encompasses a greater range of 
activities in the automated firm; that forecasts are made 
more frequently; and that they tend to cover longer periods 



of time , 



f satyr 
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The integrated, coinplcte -system feature c. u autc:iavion 
magnify the consequences of error. In a manual plant mate- 
rial shortages , an inoperative machine, and poor production 
scheduling might have only a slight cumulative effect. On 



an automated line these conditions might halt production 
altogether « Because of the seriousness of ill-considered 
actions, compressed decision time-frames, and the number of 
decisions to be made an automated system puts added pressure 
on the decision process. This suggests that managers of 
automated racilities must rely increasingly on systematic 
and analytic aids to decision making. A statement by Drucker 
seems particularly appropriate; 

In dealing with their new tasks, the managers of 
the 1960's will, to a large extent, have to employ the 
same tools they are using today. But managers' will 
also find, increasingly, that they are expected to 
know, understand, and handle new concepts and tools of 
management. Increasingly, they will find that they 
are expected to use systematic methods of analysis 
ana decision-making , supplemented by new systematic 
tools of communications , computation and presentation. 



Executives can safely disregard all the fanciful 
talk about the computer replacing managers and making 
decisions. Managers' work, it can be said with con- 
fidence, is going to be more important, and their 
numbers larger. But the management sciences — such as 
operations research or decision-making logic — and the 
new electronic, tools and systems are going to make a 
difference, even to the manager of the small business. 

And the manager of 1970 will need all the help he 
can get from such new concepts and tools. For his 
job is going to be so complex, so big, so demanding 



as to . vpi Lr< 1 .1 the I. oi of. s.i.i x . f. . 
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Survey ' csul ir 



Tt is pei haps desirable i o first review briefly .cue 
of the information concerning the survey of companies '..rich 



the 990 companies to whi ch questionnaires wore sent, 24? 
companies responded with useful information prior to the 
cut-off date. Thus a useful response rate of 24.9 per cent 
was experienced. Categorizing these 247 companies by "auto- 
mated" and "not automated’’ production processes resulted in 
131 companies (53 per cent) falling in the automated group 
and liC companies (47 per cent) in the non-automa ted arouo. 
Questions 3, 4, 5, and 6 of the questionnaire were designed 
to determine the effects of automation on certain aspects of 
managerial planning. For purposes of tabulating and analyz- 
ing responses, Questions 3 and 4 were subdivided .into 3a, 3b 
4a and 4b. 

Evidence of Written Corpo rate Pl ans 

It was felt that at least one indication of the rela- 
tive necessity for formalized planning experienced by manage 
ment could be obtained by determining the extent to which th 



was described under Research Methodology in Chapter I . Of 
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most effective instrument being the 1 i n of action."' The 
existence of a written plan of action provides evidence or 
and is one measure of how important and hcv; critical planning 
is for raanaqenent in a given company. Thus Question 3a was 
asked as follows: '' Does y our comp any hav e a wr i. v . t-e ■ > c orpo - 

rate p lan? " In response to this question 101 companies (77 
per cent) in the automated group of 131 companies answered 
"yes," and 30 companies (23 per cent) answered "no." In the 
non-automated group of 11 6 companies, 36 (31 per cent) an- 
swered "yes," and 80 (69 per cent) answered "no." In anal;."/ 
ing these results three statistical tests were applied: the 

Chi Square test for independence'; the test for difference 
in proportions; and estimation of the population proportion 
within a confidence intervs.1. 

The Chi Square test with "two-way classification" was 
applied to test the hypothesis that the two characteristics , 
"type of production process" and "existence of a written 
corporate plan,'' arc independent. If they arc independent 
"the distribution of one characteristic should be th° same 



°Hcrri ^ayoi, Gener al arid I ndus trie. 1 T ism nisi r at i on 
(New York: Pitman Publishing Corner a ti cm 1949), p. 43. 
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the two characteristics arc indopendou 
of companies with written plans having 
should be the same as the proportion o 



t thi.c' Li t proportion 

an ton a tc-: d prod uc t i on 
f companies without 



wri tten plans having automated product'’ on , The observed 
value of Chi Square was computed to be 52,85 which is much 
larger than any critical value o f Chi. Square for one degree 
of freedom. 30 For example, the value of Chi Square with one 
degree of freedom at the .5 per cent (.005) level of signifi- 
cance is 7.88. " L The observed value of 52.85 lies in the 
critical region' v 7 hich calls for rejecting the hypothesis 
of independence. Also, using a null hypothesis that auto- 
mation aces not have any effect on firms having written 
corporate plans, a comparison of the observed value of Chi 



Square with the cxiticai value of 



7.88 results in rejection 



of the null hypothesis. 

Using the observed response proportions of 77 per cent 
of the automated companies having corporate plans and 3.1 per 
cent of the non-automa ted companies having corporate plans, 
the test for difference in proportions was used to test the 



"Vlilfrjd J. Dixon and Frank J. Massey, Jr., Introduc- 
tion to sta tistic al Analysis (hew York: .McGraw-Hi ll~£ook~ 
Compa ny , I nc . , 1 9 5 7 ) , ~p . ' 2 24 . 

1 0 m . 

Lne appropriate number of decrees of freedom is 
obtained by multiplying (the number of rows minus 1) times 
(tne number of columns minus 1) . The matrix here is “two by 
two which gives one degree of freedom. 

Ibid . , Table A- Ga, p. 385. 



h/pothes i that the too po;.. 'J.vt<or proportion j hav. n v w tbcn 
plans arc equal. The test ijpeult s 1 r-Oicatod the: Lire djfi • • 

eiiCe. in population proportions was sign.! ficemi at the 1 per 
cent (.01) level. Based on this result the hypothesis that 
the two population proportions are oru-nl would be rejected. 

Considering only the responses of companies in the 
automated group, estimates of the automated population pro- 
portion having written corporate plans were computed using 
95 per cent and 99 per cent confidence limits. Tne 95 per 
cent confidence limits were .698 and ,842, and the 99 per- 
cent confidence limits were .675 and .865. Therefore, based 
on the survey data, it can be said with 95 per cent confi- 
dence tnat the proportion of automated compani.es having 
written corporate plans lies between .698 and .842. With 99 
t c i. ce.n. con l j.dencc , it can gc said that the proportion lies 
between .675 and .865. 



estimates of the non -automated population proportion 
having written corporate plans were also computed by deter- 
mining the limits for 95 per cent and 99 per cent confidence 
The resulting intervals were .226 to .394 and .199 to .421 
respectively. 



While 
(particular! 
which enter 
potato plans 
hypothesis 1 



there arc very likely other causal factors 
Y company size which was discussed in Chapter I 
into '•'nether or not companies have wr:i then cor- 
f the survey data from Question 3a support the 
;.v'; t the management of automated companies does 
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t-xpen nee a more critic- i r-cd fc* r» la nwi.n • ■ reflect .y 

the existence of written eorr-orvLo yf ans . 

Co^.oa r.i non o Pla te j rg Pp 'l ode 

If a respondent answered 'yen'' to Quccfion 3a he 'a.; 
then asked in Question 3b to answer : "w hat :Ui_tnrc t i m e 

perio d or peri ods does your plan include -- j. . e . 1 yr . , 5 yr . , 
1 yr ♦ a r, d 5 yr_. . etc.?" The purpose of this question v.as to 
provide for a comparison of the automated and non -automated 
groups of companies in terms of the length of planning 
periods. Of course, the comparison is only between the 101 
companies in the automated group and the 36 companies in the 
non-automated group which indicated that they have 'written 
plans . 

The responses were first tabulated cxactlv as each 
company answered the question. The results of this tabula- 
tion are presented in Table III. The major difference be- 
tween the two groups shown by the figures in TaKle III is 
that 45.55 per cent of the automated companies have one year 
and five year plans whereas for the non -autona ted group this 
figure is 36.11 per cent. Also, only 7.92 per cent of the 
automated group; have corporate plans covering only a period 
of one year. On a percentage basis, approximately twice as 
many (16.67 per cent) in the non-autema ted group engage in 
one year planning only. 

Further analysis of Table IT L shows that 56 companies 
(55.4 per cent) in the automated group have nultipDe ye r 



pj->r<s. Jr. toe no.. - auto). at ad cyci. > 16 * • • lies (44.. 4 .. r 

cent) .indicated that, they prepare multi • -ear plans. licin- 
those percentages, the test for difference in population 
proportions was made . The test Jesuits indicated that the. - . 
is? not a - significant difference i n the automated and non- 



automated population proportions having multiple year plans. 
The test was made at the 5 per cent (.Of) level of signifi- 
cance. It is repeated that the populations referred to here 
and reflected in Table III are net automated companies” and 
"non-automated companies" but "automated companies having 
written plans' and "non "-automated companies having written 
plans. 1. Therefore, what the survey response indicates is 
tjiat tor companies whi ch have wr i t ten plans covering any 
period there is not a significant difference, with regard to 
multiple year planning, between the automated group and the 
non-automated group. 

A rearrangement of the information in Table III pro- 
vides for easier comparison of the automated and non-aucomatcd 



groups in terms of the number and percentages of companies 
which have plans covering specified periods of time. The 
rearranged information is shown in Table IV. An individual 
company may be included in several planning periods , The 
cumulative percentages are therefore greater than 100 per- 
cent. A major question in which the investigator was inter- 
ested was whether or not the survey data indicated that- 
automated companies tend to engage in longer --range planning 
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then non -eu-c t r < c, ear s. Tc o: • 1 , Tf.J 1 

t>at 8 3.17 per c r.t of the auto: . oc gi ccr • (h< iny : ton 

plans) have five year plans. The corrfispo ding fit arc or 



the non- automated group is 7 2.22 per cent Based on the 

1 2 

test for difference in population proportions ' it w a s con- 
cluded that there is riot a signi f j cant difference between th? 



two groups with regard to having five year plans. 

It can be concluded then from an analysis of Tables 
III and IV that, considering only companies which do have 
written corporate plans, there do not appear to be signifi- 
cant differences between the automated and non -automated 
companies with regard to the amount of multi-year planning 



and the extent of longer-range p 
To enable a comparison of 
the total number of respondents 
just the numbers of respondents 



lanni ng . 

planning periods based on 
in each group (instead, of 
having written plans) , 



Tables V and VI were compiled. The percentages shown in 
Tables V and VI for the non-automated gioup are generally 



much less than those for the automated group. The lower 
percentages for the non-automated group result from the 
relatively large number of non-automated companies which do 



not have written plans at all. 
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x ’Computed for both the 5 per cent 
cent (.10) levels of significance. 
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1 future of 



Objec fives’ John '‘ec stater. : 

... 'ihe entire management procc --s eonocx/is itself with 
ways and means to realize prc:do ur ’ lined rose Its . . . . 
Objectives nay be general or speci c ie; they may concern 
the organization as a whole, a segment of it within a 
decentralized unit, or even a particular function such 
as production, sales, or personnel.... Unless preach e r-- 
ruined objectives are set and accepted, little or no 
basis exists for measuring the succors and effective^ 
ness of those who perform the management functions. 

With regard to setting objectives and goals in the automated 

production environment Bright observes: 

. . .No longer can management simply "run" the plant to 
make whatever is selling. Nov;, management must decide 
well in advance exactly what it wants to make, how much 
it wants to male, at what rate it is to fce made, and 
over what period. ., .Therefore, an extremely careful 
planning job, which means laying down a clear set of 
requirements of input, output, and operating character- 
istics for the supermachine, must be done. x 

In conducting the survey, it was felt that the exist- 
ence of written statements of objectives and goals would be 
another indication of the importance of advance planning for 
management. In order to obtain data for a comparison of the 
automated and non -automated groups of companies Question 4a 
was asked: " Does y our company have a v;ri tten s tatement ol 

o bjectives and goals ?" In response to this question 80 
companies (61 per cent) in the automated group of 131 



1 “'.John F. Ike 
^anagemo nt : A Book 

O'Donnell ( N ew Y o r k : 



, "The Essential Nature of Objectives," 
of Rea dings , eds. Iiaroid Koontz and Cvr; 
McGr aw- 7-1 ill, I ri c . , 1 9 G 8 ) , pp . 53-54. 
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14 , 

'Bright, op. ci t . , 



p . 231 . 



/ I 1 

co..', v njerf < * •' • e- * ’ -es , " and r» J co \ni c (39 pvr c nt) 

anr-'i.-rcd :i no. Of the non-auto., it e. ; grot of 11 6 c<wripar » c , 
23 (24 per cr~ nr) responded "yor. ,• " and 88 (76 per c.'/.-f) s£- i 1 

’■no.’ Those r: suits were analyzed by use of the Chi Square 
tes t , the test for difference in proportions , and nr est 
tion of the peculation proportions within confidence inter- 
vals . 

The observed value of Chi Square obtained through 

computation vrs 34.10. When compared with the critical valu 

of Chi Square with one degree of freedom at the . 3 per cent 

15 

(.005) level of significance, ‘ the observed value calls for 
rejection of the hypothesis that the two characteristics 
’‘type of production process" and "existence of written stale 
raent of objectives and goals" are independent. Also, the 
observed value of Chi Square does not support the null hypo- 
thesis that automation has no effect on firms having writlen 
objectives and goals. 

The observed response proportions of 61 per cent of 
the automated group of companies and 24 per cent of the 
non- automated group having written objectives and goals, 
respectively, wore used to test for difference in the two 
population proportions . The test results indicated that, 
based on the survey data, there is a significant difference 
in the population proportions at the 1 per cent (.01) level. 

^" J This value of Chi Square is 



7.88. 



Coni'id-' uoe 11." it estimates of the populate on pro or - 



tions having 'mitten s ca hot aunts of objectives and goals e-re 
cojtiou ted for both the automated and non -automated popula- 
tions. The 95 and 99 per cent confidence limits for tie 
automated population were .5265 & .6935 and .5003 i .7197 
respectively. The corresponding confidence limits for the 
non -automated population were ,3622 & ,3178 and .1377 « .3423, 
The statistical results obtained from the response to 
Question 4a were similar to those for Question 3a and .indi- 
cate a greater importance attached to advance planning by 
management in automated companies as reflected by the exist- 
ence of written statements of objectives and goals. 
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C omp any Object r v o s 



If a company responded affirmatively to Question 4a 
it was then asked in Question 4b: "W ould you please enclo se 

a copy of your statement of objectives . " This question was 
asked because of an interest in determining if there appeared 
to be differences (primarily qualitative) between automated 



and non-au toma ted companies in the nature of their objec- 
tives . 



There was great reluctance on the part of the respond- 
ents to preside copies of their objectives. This was true 
for both the automated end the non-automated groups. Of the 
8 0 companies in the autcm.-it.--t group indicating that they have 
written statements of objectives only 12 companies (15 per 



cent ) actually pxoviac-1 copies w Lth their returned «. v l-c»j ■ i o 
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not be provided because of their "confidential” nature or 
that their objectives arc "not for outside viewing . " Becau: 
of the poor response to this question it was not possible to 
make a comparison of automated and non-aut created companies 
objectives. For illustrative purposes the first stated, ob- 
jective of several of the companies that did provide copies 
were excerpted and are quoted below. 

Automated Group: 



Compan y A - -The single, overriding objective of the 
management of (Company A), over an indefinite period, 
is to optimize the return from the resources entrusted 
to it, consistent with the best interests of customers, 
employees , stockholders and community. 



Company B — To develop earnings per share that can be 
sustained over the long range and can be increased pro- 
gressively without erratic swings during various 
cyclical periods. 

C ompany C — To make a profit by serving primarily the 
{ ) industries through engineering, manufac- 

ture and marketing of high-quality products . 



Com pany D — To contribute toward a better life for our 
employees and their families. 



Company 5 - -To build an integrated 



technology company . 



Company F- -To manage our business with the primary 
objective of making a contribution to society. 



Non-automated Group: 

Company G — ... to carefully plan, organize, coordinate, 
and control its available resources of time, space, 



mat or; *.l , men'" • an ; people to ;n r u'*o 1. cix me - 1 r r e- 
ductive and el eat i -e nse . 



/ 



C ompa ny F--Tn accept and full f i J 1 its rosponr.i’e.i 1 ■ tie 
in pox potn.c' tin 7 the privates en te:*pri , i(» system, recop 
nizir.g that it is th ■> s system of <yov< rumen L vin.th he. 
given it this opportunity in the firsi place. 



Compa ny X --Pe op le - To provi.de an onvi ronnonf ‘or 
growl]. 1 , dignity, achievement, satisfaction and equal 
opportunity for all employees. t'otu r n - To ac/iieve 
a rate of return on net worth of 15% after taxes, to 
assume above average risk to achieve this above average 
return... Achievement of this return in the short run 
should not be at the expense of long range progress m 
such areas as research and development, manufacturing 
research and advertising. Inc e ntives -- To continue 
the present policy of paying a year end profit sharing 
bonus , 



Also of particular interest are the statements of 
several of the companies concerning their objectives with 
regard to manufacturing technology. 

Automated Gx'oup: 

Company A -- ... to aggressively pursue mechanized pro- 
cesses from the design, engineering and manufacturing 
levels, particularly with .respect to parts and product 
standard;! zation .... to integrate all production opera- 
tions who?' ever economically and technically feasible. 

Company B - - . . . entry into related new markets and prod- 
ucts based upon ... existing or newly developed tech- 
nology . 

Non-automated Group: 

Com pa ny C - - W e will organize to innovate in the forming, 
machining, and assembly of our product. 

Examples of the complete statements of company objec 
fives are presented in Appendices C and D for the automated 
and the non-automated groups respectively. Individual com- 
panies have been disguised for reasons of propriety. 
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Forecas ting is cons id ,'cou a p<. ■ r I: of tin ov n r . 1'! wlas 
ning process, Tn practice, however, planning avid fo: - ecu sting 
arc different aspects of the sane process. As Stewart 
Thompson puts it: 

The contribution of the business planner is this: 
Despite the impossibility of accurately forecasting tn 
future, he identifies a range of possibilities am pre- 
pares for them. Once this is understood, the difference 
between planning and forecasting becomes clearer. 
"Forecasting'' is the attempt to find the most probable 
course of events or a range of probabilities. "Planning 1, 
is deciding what one V7.il 1 do about them. 



The purpose of Question 5 of the questionnaire was to 
obtain information enabling a comparison of automated and 
non-automated companies with regard to various forecasting 



activities — specifically sales, production, profit, manpower , 
financial, equipment, facility or plant, and technological 
forecasting. With the exception of technological forecasting 
all of these forecasting applications have long been recog- 
nised as useful to management. Technological forecasting, 
as a formally recognized management tool, is relatively new. 

A recognized expert on technological forecasting , Paymor.d S. 
Isenson states: 



Technological forecasting may be defined in two 
ways. The first can be thought of as an attempt to 
predict a technological application, such as statin' • 
"In 1972, the United States will fly the prototype of 
the supersonic transport." The second attempts to 
forecast some potential, such as: "In the year 2000, 

physicists v;ill have the knowledge and techniques to 



ment : 



.1 6 

Stewart Thompson , 
A Book of headings. 



"What Planning Involves, 1 
op. oi_t . , p. 44, 



,.!u 
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h< j ,n. as the .to ion of hyarogo i! . ’’ 1 n o.i c < <- 

pnj ) \i<- e cf i cbnoleg i eu ) o 1 " .t • n g is to ■ >rc '■ a 

tool for nr emont , an innut to the* p.l ajj/ij . g pre< « 
or a corporate or goverini cntai doc i r ' ion i akor .... '.<*>>•- 
pared witn the current: level c • f intere- t , activil j es 
in this cr<'0 prior to 3 0 r.ay Pinout be discour.tr. I 

as random ! repen.i ngs . Since 1 SSO, ns nau«i..cnt intcicst 
in explicit technological forecasting has grovm at an 
a s to n i s h i ng rate. 

Question 5 was designed to determine the relative 
extent of forecasting activities, to compare the frequency 



with which forecasts are made f and to compare the periods for 
which these forecasts arc made. The question reads as fol- 
lows : " Indicate by check-narks which of the f ollowin g t ypes 

of f orecasting act ivities your com pany engages in : also 



please indicate how of ten forecas ts are made and the length 
of the f orec asts ♦ " Below the question, a format was pro- 
scribed with spaces for the respondents to indicate their 
answers . The complete question reads as shown in Chap nor X. 

Table VII is a summary of the respondents ! answers 
concerning the types of forecasts which they make. The table 
shows the number and percentage of companies of each of the 
two groups, automated and non-au Coma ted , which indicated that 
they forecast in each of the specified areas. The results 
of the statistical analysis of the data contained in Table 
Vl'I are presented in Table VIII. dll of the observed Chi 
Square values are greater than the critical value of Chi 
Square of 7.38 given for one degree of freedom at the . 5 per 
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A 



70 

cent {,005,1 lcvcU of. sign.if icance . The observed v- 1 a- of 
Chi Square, bared on the nurvev v-'Uionscid indicate U- t 
automation dojc have an effect on •••nether or not companies 
engage in forecasting in each of the specified areas. Also 
for each of the specified forecasting areas, the difference' 
in population proportions is significant at Lne .1 per cent 
(.01) level. Estimates of the population proportions using 
95 per cent confidence limits are also presented in Table 
VII J. for each of the forecasting areas. 

TABLE VII 

COMPARISON OF FORECASTING IN THE AUTOMATED AND 
NON-- AUTOMATED GROUPS BY TYPE OF FORECAST 



Type of Forecast Autom a ted (131) Non-auto m ated U.JJ5) 







Number 


Per cent 


Number 


Per cent 


A. 


Sales forecasts 


123 


97 . 71 


97 


83.62 


B. 


Production fore- 
casts 


121 


92.37 


84 


72.41 


C. 


Profit forecasts 


126 


96.18 


82 


70-69 


D. 


Manpower forecasts 


93 


74.81 . 


42 


36.21 


E. 


Financial 

requirements 


118 


90.08 


7 6 


65.52 


F. 


Equipment 
r equ ir omen t s 


114 


00 

-J 

o 

NJ 


70 


60.35 


G. 


Facility or plant 
requirements 


110 


83.97 


50 


43.10 


H. 


Techno logical 
forecasts 


53 


40.46 


LI 


9.48 


I . 


Other 


11 


8.40 


4 


3 . 4 5 



H 

H 

M 

> 

Im 

m 

.< 

EH 




/ 5 
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are made. Fao'i of the tables coni a ins the 
the specified forecasting areas - ''Sc Lee," " 
"Profit, ' etc. The group sizes snonn ir p 
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numbers of respondents which inoicatcd that they make fore- 
casts o c the specified type . For ex amp] e , Table IX shows a 
comparison of the frequency of forecasts between the 128 
automated companies and the 97 non~automated companies which 
make sales forecasts. The percentages shown are based on 



these group sizes and not on the total group sizes of .131 
automated companies and 3 16 non- a u torn.a t eel companies. An 
analysis of the tables shows that for sales, production and 
profit forecasting (Tables IX, X and X.T ) the percentages for 
monthly and quarterly forecasts are higher in the automated 
group, and the percentages for semi-annual and annual fore- 
casts are lower in the automated group. Table XII indicates 
more frequent manpower forecasting by the no n - a u t om a t e J 
group. Table XIII shows higher percentages of monthly and 
quarterly financial forecasts for the automated group, 
roughly equal percentages for semi-annual forecasts and a 
lower percentage for annual forecasts in the automated group . 
With regard to equipment, facility and technological fore- 
casting, Tables XIV, XV and XVI, respectively, reflect more 
frequent forecasts by the automated group. The soundness o r 
a comparison based on Table XVI is doubted because of the 



«. i-'-l'l number of r. iu tomntc d a ip-uri e < ?r. nc ' o • .n t.:vhj- 
loqicnl forecast! ncr. The ovetnll ?ivt] of T hies TX 

through XVT indicates that wi th the exception o r n; ngovo ' 
forecasts, the automated groups perform forecast'' more fre- 
quently than the non- automated groups. 

TABLE IX 

SALES FORECASTING: COMPARISON OF FREQUENCY 

OF FORECASTS BLTUELN AUTOMATED 
AND UONWUJtO'ATED GROUPS 



How Often 


Autorra 


ted (128) 


Non-au toir.at.ed (97) 




Number 


Per cent 


Number 


Per cent 


L. T. Monthly 


3 


2.34 


3 


3 . 09 


Monthly 


35 


2 7.34 


20 


20 . 62 


Quarterly 


39 


30.47 


19 


19.59 


Semi-annually 


14 


10.94 


12 


12.37 


Annually 


55 


42.97 


45 


46.39 


G. T. Annually 


1 


0.7 8 


0 


0 . 0 ') 


Period i call y 


1 


C. 78 


1 


1.03 



TALL! 



'RODIA "TO?'- POiM’.C • TING- CO' PA’IF/, OP FUi.r J. ,Ql 

or forecasts lev. sen auvoma': d and 

NON-AUTOWW. ED GROUPS 



Iiow Of ten Au to; u a t:. cJ. ( 1 2 .1 ) Non-au toi 'd tc i (84) 





Humber 


Per cent 


Number 


Per cent 


L. T. Monthly 


8 


6.61 


9 


10.71 


Monthly 


51 


42.15 


26 


30.95 


Quarterly 


30 


24.79 


15 


17.86 


Semi-annually 


6 


4.96 


8 


9.52 


Annually 


34 


28.10 


28 


33.33 


G . T . Annually 


0 


0.00 


0 


0.00 


Periodically 


2 


1.65 


0 


0.00 



TABLE XI 

PROFIT FORECASTING: COMPARISON OF FREQUENCY OF 

FORECASTS BETWEEN AUTOMATED AND 
NON -AUTOMATED GROUP S 



Hov; Often 


Automated (126) 


Ncn-aut 


omatea (82 




Number 


Per cent 


Number 


Per cent 


L. T. Monthly 


1 


0.7 9 


.1 


1.22 


Monthly 


34 


26.98 


15 


18.29 


Quarterly 


37 


29.37 


15 


18.29 


Semi-annually 


15 


11.90 


10 


12.20 


Annually 


54 


42.86 


43 


52.44 


G. T. Annually 


1 


0.7 9 


0 


0.00 


Period real Iv 


2 


1.59 


1 


1.22 
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'JWLE y I T 

JSANPOWi'.’! ' : '0RECAS1MNG: COMPARISON OF FREQUENCY 

or FORECASTS BFVrcKN AUTOMAT Hi 
AND NON —A OTOE TED GROUPS 



How often 



Automated (93) Non-autovts ted (42) 



Number 



L. T. Monthly 


5 


Monthly 


18 


Quarterly 


20 


Semi-annually 


11 


Annually 


4 0 


G. T. Annually 


1 


Periodically 


7 



Per cent 


Number 


Per cent 


5.10 


8 


19.05 


18.37 


6 


14.29 


20.41 


9 


21.43 


11.22 


2 


4.76 


40.82 


17 


40 . 48 


1.02 


0 


0.00 


7.14 


0 


0.00 



TABLE XIII 

FINANCIAL FORECASTING: COMPARISON OF FREQUENCY OF 

FORECASTS BETWEEN AUTOMATED AND 
NON -AUTOMATED GROUPS 



How Often 


Automated 


(118) 


Non-autonated (76) 




Number 


Per cent 


Number 


Per cent 


L. T. Monthly 


3 




2.54 


6 


7.89 


Monthly 


30 




25.4 2 


15 


19.74 


Quarterly 


36 




30.51 


13 


17.11 


S era i - a nnua 1 ly 


9 




7.63 


5 


6 . 58 


Annually 


49 




41.53 


35 


46.05 


G. T. Annually 


2 




1 . 69 


0 


0.00 


Periodically 


3 




2.54 


4 


5.26 



table xiv 



EQUIP MENT J' 

j; 


’ORECa TING: 

’0 REC.A S T S BETR' 
N0N-AUT0I1 


COMPARISON 
KPN AUTOMAT 
i TED GROUPS 


OF PRUQIJ :N( 
ED A VO 


:i o:o 


IIow Of ten 


Auto: 


mated (114) 


Non -pul o i 
L Number 


i.-- ( .* 0 ) 


Numhe: 


r Per con 


Per cent 


L. T. Monthly 


0 


0,00 


0 


0.00 


Monthly 


4 


3.51 


3 


4.29 


Quarterly 


17 


14.91 


5 


7.14 


S oral -annua 1 ly 


12 


10.53 


5 


7.14 


Annually 


73 


64 . 04 


50 


71.43 


G. T. Annually 


3 


2. G3 


0 


0. 00 


P er i. od i c a 1 ly 


7 


6.14 


7 


10.00 



TABLE XV 

FACILITY OR PLANT FORECASTING : COMPARISON OF 

FREQUENCY OF FORECASTS BETWEEN AUTOMATED 
AND NON -AUTOMATED GROUPS 



How Often 


Automated (110) Non-automated (50) 


Number 


Per cent 


Number 


Per cent 


L. T. Monthly 


0 


0.00 


0 


0.00 


.Monthly 


4 


3.64 


1 


2.00 


Quarterly 


11 


10.00 


3 


6 . 00 


Semi-annually 


9 


8.18 


1 


2.00 


Annually 


75 


68.18 


40 


80.00 


G. T. Annually 


3 


2.73 


.1 


2 . 0 0 


Per: odically 


10 


9 - 09 




j 0 . 0 0 
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TAJLE 



iCHNObOiHCtl. f‘0^-: 

op roue ,:i 

i'lOf; 



'■ -TII'iC : COM* 1 kTSO^ 

•np Ji.rlT' r ':L‘i ■ AUTmrVL’XD 
- 7 UTOMaTj :n GROUPS 



OF FRF 
A jD 



How Often 


\ut.Oi ':r\ 


Led (53) 


Non-auto: 


J ]_] 
1 c r cc nt 




Number 


Per cent 


Number 


L . T , monthly 


0 


O 

o 

o 


0 


0.00 


Monthly 


2 


3.77 


0 


0. 00 


Quarterly 


4 


7.55 


0 


0 . 00 


Serai -a nnual Iv 


3 


5.66 


0 


0.00 


Annually 


30 


56.60 


9 


81.82 


G. T. Annually 


3 


5.66 


0 


0.00 


Periodically 


11 


20 . 75 


2 


18.18 



Comparisons of the time periods for which forecasts 
are made are presented in Tables XVII through XXIV. As in 



the analysis of forecast 



frequency , 



each table contains the 



survey results for one of the specified forecasting areas, 
and the percentages given are based on the group sizes shown 
in parentheses which are the numbers of respondents indicat- 
ing that they make forecasts of the specified type. Tables 
XVII, XVIII and XIX sho'-' that for sales, production and 
profit forecasting, respectively, there are generally only 
small differences between the automated and non-automated 
groups in the percentages of companies forecasting for 
various future time periods, except for the five year period. 
The five year percentages in these three tables are consider- 
ably higher for the automated group than for the non-aut oraa tee 



- J J c i i\. 



group. In TV i ■ XX -rd .XI, cov r,iv_, 
ciul forecasting pi.:.; lo>. the per con try us of no.i-c u to. u too. 
companies are higher for •/cry short- run id coasts of loss 
than a month or one month. These two tables also show con- 
siderably higher percentages of the automated group mating 
five year forecasts. In Table XXII on equipment forecast.!; 
the only sizeable difference is in the five year forecast 
category. The automated group percentage is higher than tha c 
for the non-automated group. The major differences in facil- 
ity or plant forecast periods reflected in Table XXIII are 
for the one year and five year periods. The non-automated 
percentage is higher for one year forecasts and, again, the 
automated percentage xs higher for five year forecasts. A 
comparison by technological forecast periods shown in Table 
XXlv is or doubtful use because or the small number of non- 
automated companies making such forecasts. Thus for sales, 
production, profit, manpower, financial, equipment and facil- 
ity forecasting the survey response indicates that the auto- 
mated group tends to forecast for longer time periods (based 
on comparisons of the five year percentages) . Statistical 
analysis by testing for the difference in population propor- 
tions, using the five year percentages, resulted in: differ- 

ences for sales, profit and financial forecasting significant 
at tne 1 per cent (.01) level; a difference for production 
forecasting significant at the 5 per cent (.05) level; and a 
difference for equipment 



forecasting signifienne at the 10 



I,e- c n (.10) , ]. 'i r.-xcnc-., lx . t j or. p: < .-.r t3 o. j; 

i oj. tun/'cvjcr an 1 . acidity orcca-t ing were faum. to h mto L 
significant* " 

ihere were only a small mo. ■ <er of companies in both 
the automated and non-automci cod groups which indicated 
"other” types o. r forecasting activities, tramples of re- 
sponses from the automated group are "general economic fore 
casting,," ' rax*; material availability , ’ and ’marketing costs. 
Responses from the non-automated group include "rav material 
requirements " and "share of the market." 
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T/vr'.r XV i i 

SAj .ES EORLCaSTIN'-: CO'D’-ij;'! S- n Oi FOlNCaS 

PERIODS BLj WCKN Ml'lV i"i r .n AND 
NOE - AUTOMATED G l IOIJP S 



Ler.u th of Fore-.;' si 



L. T. a month 
One month 
Two months 
Three months 
Four months 
Six months 
One year 

One~anci-a~half years 

Two years 

Three years 

Four years 

Five years 

Ten vears 



■ An t om at el JI2 LO Nor au t o u . L 'd_ ( 97 ) 
Number Per cent Number Per ec nr 



1 



0 * 7 8 



0 



0 . 00 



10 


7, Cl 


4 


4.12 


0 


0.00 


1 


1.03 


17 


13.28 


13 


13.40 


2 


1.56 


0 


0.00 


12 


9.38 


11 


11.34 


81 


63.20 


63 


64.93 


3 


2.34 


3 


3 .09 


n 

<w r 


3.91 




3.09 


—I 

/ 


5. 47 


3 


3.09 


3 


2.34 


1 


1.03 


39 


30.47 


11 


11.34 


■) 

/* 


1.56 


0 


0.00 


0 


0.00 


T 

-L 


1.03 



Var j able 



" / 



T.A r J • !• ' XVI II 

PRODUCT I .'•0 T K,-;C/--S r ‘ ; Ii?G: COM ' • Rj.SOIv 01 

FORLCASh "JR.IODS A\fl Oi'IAT.cO 

Ai'JD NO a - AUTO!' 'ATE .0 CkOUPC 



Length o r Forecast 


Automate 


■a ( 121 ) 


Kon-aut 


O'Tir. tcF { 8 * 




Number 


Per cent 


Number 


Per ceni 


L . T . a mor.tfj 


2 


1. . 6 5 


J 


3.57 


One month 


17 


14 . 05 


9 


10.71 


Two months 


0 


0.00 


3 


3 . 57 


Three months 


22 


18.18 


14 


1 6 . 6 7 


Four months 


2 


] . 65 


0 


0.00 


Six months 


11 


9.09 


1.2 


14 . 29 


One year 


64 


52.89 


4 0 


4 7.62 


One -and-a-hali! years 


3 


2,48 


'j 


3.57 


Two years 


3 


2.48 


2 


2.38 


Three years 


1 


0,83 


2 


2.38 


Four years 


2 


1.65 


1 


1.19 


Five years 


17 


14.05 


IT 


5 . 95 


Ten years 


1 


0.83 


0 


0.00 


Variable 


T 

..L 


0.83 


0 


0.00 
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VJlO T \T* 


P ' h I.-C a Fl IN'" : cy ^fo-,\ 

pv i nos .i'y..rf ?\ • i n 

NON - '\i r J’0 TV'TO 0 


T < I -v r 'l 

o • rj 

■ROv»'3, c 


1 7 1 . U 0 


■ ; n> 


L'r>c»t'*« or For- 


co « c. Automated 


XI? 


Nor - uu t.i 


or.ntcu >82 




Number Fc 


r c^nt 


.n»aber 


Per cent 


L . T . a mon tr.h 


0 


0 0 0 


0 


0 . 00 


One month 


3 


7.14 


!3 


6. j C 


Two months 


0 


0.00 


.1 


1 . 22 


Three nionr.hs 


16 


12.70 


11 


13 . 41 


Four months 


3 


2.38 


0 


0.00 


Six months 


5 


3.37 


6 


7 . 32 


One year 


84 


66. 67 


53 


6 4.63 


One- and- a -half 


years 1 


0.73 


1 


1.22 


Two years 


3 


2.38 


2 


2 . 4 4 


Three years 


5 


3.37 


6 


7 . 3 2 


Four years 


3 


2.38 


1 

J 


1.22 


Five years 


33 


26.13 


5 


6 . .1 0 


Ten years 


1 


0.73 


0 


0.00 


Variable 


1 


0.73 


1 


1.2/ 



? poki-c 
pi:ri. ods 

NON- 


•V i NG : 
B.T3 r cW 
■,Mrj OW' t 


GOMVV cr\vj 

AUTOMATED 
TO GPf'VPFt 


OP FO*‘.F CIS 
AN la 


’l 


" ~ ' ™~ 


~ - — 


ST - . : •. ~ ■; „ _ v. ~ - 




“ " - - ~ 


Length i.-f Forecast 


AUtorR 


t eh ( 9 0 ) 


Non-r u lo- a 


b.C"i (/l 




N .amber 


Per cent 


Number P< 


31 r: 








— - — — — 


— 


t j - T. a month 


2 


2.04 


‘h 


11.90 


One nonth 


1 


1.0? 


4 


9.52 


Two months 


0 


0.00 


0 


0.00 


Three months 


12 


12.24 


4 


9 , 5 2 


Four months 


2 


2.04 


0 


0.00 


Six months 


11 


11 . 22 


2 


4.76 


One year 


44 


44.90 


20 


47 . 62 


0 n o ~ a n d - a h a 3. f year 3 


0 


0. 00 


1 


2. 38 


Tv/o years 


-•» 


3.06 


2 


4 , 7 6 


Three years 


4 


4.08 


3 


7.14 


Four years 


4 


4.08 


1 


2 . JS 


Five years 


20 


20.41 


5 


11.90 


Ten years 


'! 


1.02 


0 


0.00 


Variable 


6 


6 , .1 2 


1 


2.38 
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o. T 

/i • s 


T< -r OCAS'] 
D 


f 


Lo j i 9 c h o i v c re c ;> r - 1 


7-*.u tone 


to .3 (113; 


FSO 


tr ;«u tovna t 


:eu_ (7 6) 
:r cost 




\ 7 u;nr er 


Per cent 


7*T i 


an her Pc 


L, T. a .month 


1 


0.85 




-> 

j 


3.95 


One month 


5 


4.24 




9 


11.84 


Two month" 


.1 


0.85 




0 


0.00 


Three months 


16 


13 . 56 




5 


6.58 


Four months 


3 


2.54 




0 


0.00 


Six months 


11 


9.32 




5 


6.58 


One year 


62 


52.54 




40 


52.63 


One-and-a-half years 


2 


1.69 




1 


1.32 


Two years 


7 


5.93 




2 


2.63 


Three years 


8 


6.78 




10 


13 ,16 


Four years 


4 


3.39 




1 


i .32 


Five years 


30 


25.42 




7 


9.21 


Ten years 


1 


0.85 




0 


0.00 


Variable 


2 


1 . 60 




4 


5 . 2 6 
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oat 
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i) 


N'nn- 


a u tor.' 


a t eh 


(7 










Numbo 


r 'Ny 


r c 


:v nt 


Nnni 


tea 


per C 


y : -: . 


L > ' L 


1 . a month 






0 




0. 


0 0 




0 


0 . 


. 00 


Ore 


men th 






0 




0 . 


00 




1 


1 . 


.43 


Two 


months 






0 




0. 


0 0 




0 


0. 


.00 


Thro 


e months 






4 




3. 


51 




0 


0 . 


. 00 


Four 


months 






1 




0. 


88 




0 


0. 


. oo 


Six 


months 






4 




3. 


51 




6 


8 , 


. 57 


Ops 


year 






C5 




57. 


02 


4 


1 


58. 


.57 


One- 


and -a-hal F. 


year 


o 


2 




1 . 


7 5 




] 


1. 


.43 


Two 


years 






9 




7 . 


89 




4' 


5. 


, 7.1 


Three years 






o 




/ v 


89 




7 


10 , 


. 00 


Four 


years 






4 




—\ 

.■> • 


51 




3. 


1 . 


.43 


Five 


years 






27 




23 . 


G8 




9 


32. 


, 8G 


Teii 


year's 






1 




0 . 


8 8 




0 


n , 


, 00 


Vari 


able 






5 






39 




7 


10. 


-00 
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( T 1 0 ) 
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r car it 


Number 


Per emnt 


L . T . a non th 


0 


0. GO 


0 


0.00 


One month 


0 


0.00 


1 


2.00 


Two months 


0 


0.00 


0 


0.00 


Three months 


2 


1.82 


0 


0.00 


Four months 


0 


0.00 


0 


0.00 


Six months 


3 


2.73 


1 


2.00 


One year 


56 


50-91 


o 0 


GO .00 


One-and-a-half year 


2 


1 .82 


1 


2.00 


Two years 


6 


5.43 


1 


2 . 0 0 


Three years 


10 


9 . 09 


5 


10.00 


Four years 


5 


4.55 


T 

X 


2.00 


Five years 


42 


38.18 


14 


28.00 


Ten years 


2 


1.82 


0 


0.00 


Variable 


7 


6.36 


t; 


10. 00 
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L , T . a month 


0 


0.00 


0 


0.00 


One month 


1 


1.89 


0 


0.00 


Two months 


0 


0.00 


0 


0.00 


Three months 


0 


C. 00 


0 


0.00 


Four months 


0 


0.00 


0 


0.00 


Six months 


0 


0. 00 


0 


0.00 


One year 


14 


26.42 


r 


45.45 


One~and--a~half years 


0 


0.00 


i 


9.09 


Two year s 


2 


3.77 


0 


0.00 


Three years 


4 


7 . 55 


0 


0.0 0 


Four years 


2 


3 . 77 


0 


0.00 


Five years 


17 


32.08 
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63.64 


Ten years 


6 


11 . 32 
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0.00 
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Coop-iv if 3 oo b 7 i a . ii • ? n - - a i Pec.i si or, i ■ } r ■ n;i ■ s F i I • 
The purpose of Question 6 o i the -i ion tionir i - • war tr 
obtain ir formr.ti on concern ‘ ng the relative employ; out of c: r 
tain planning and decision techniques. The question reads as 
follows : "Indicate by check -j y.rks wh ich of t>ie f of .1 o wing 

planning or dccis. i on m aking technjxjues your corepa; y makes use 
of . ” The list of specified techniques is shown in Table XXV 
in which the summary response to Question 6 is presented. 
Inspection of Table XXV reveals that very few companies in 
either group, automated or non-autonated. , make use of certain 
of the techniques listed. All of the percentages, however, 
with the exception of that for Game Theory, are higher for 
the automated, group than for the non -automated group. As 
previously mentioned, "size of company" is likely another 
causal factor affecting the degree to which certain of these 
planning and decision methods are used. 
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Number 


Per cent 


Iluinbe.r 


For cor 


A. 


Bayesian statistics 


9 


6-87 


0 


0.00 


B. 


Breakeven chart 
analysis 


92 


70.23 


44 


37.9 3 


C. 


Cost/Benefit 
ana lysis 


77 


58.78 


37 


31 . 90 


D. 


Critical path 
methods 


57 


43.51 


20 


17.24 


E. 


DELPHI 


5 


3.82 


I 


0.86 


F . 


Economic Dot si ice 

~V*l 1 

iltty td. C- _L 


47 


35.88 


*1 

A. J_ 


J. O c _L U 


0. 


Economic order 
quantity model 


58 


44 . 27 


27 


23.28 


R. 


Game Theory 


0 


0.00 


0 


0.00 


T 

-l- . 


Gantt, chart 


37 


28.24 


14 


12 . 07 


J , 


Linear programming 


35 


2 6.72 


2 


1.72 


K . 


Ha r Deo v -chain a n a ly s i s 


2 


1.53 


0 


0.00 


L. 


Non-linear 

programming 


Q 


6.87 


i 


0.86 


M , 


Probability Theory- 


21 


16. 03 


11 


9 . 4 8 


N. 


Queuing Theory 


n 

i 


5.34 


0 


0.00 


0. 


Regr ess ion/Cor r ela- 
tion analysis 


24 


18.32 


2 


1,72 


P. 


P. e t u rn-on-i nv e s tment 
a na lysis 1 


.13 


8 6.26 


7 0 


60,34 


0. 


Simulation 


35 


26.72 
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The incr: i.ug c.ppJLi.e;tt.* on oi .automation toch.-o q> 

tc pro.’uct i cji preci ssos and taa increasing nugnituiA of 
investment 5n automated production systems and equip: ;ent are 
indicators of the general impact of ru tomation on managerial 
planning. For example, James C . Kecbler , Editor of Automa- 
tion Mag azine forecasts an investment during 1970 of $15.12 

billion for manufacturing automation equipment, and relateu 
3 8 

components. ' Investment of this amount would be a continu- 
ation of an existing upward trend. The 1960 survey on auto- 
mation trends conducted by the Market Research Department of 
Autonation reported a continued increase .in the use of auto- 
matic nanuf aetur ino equipment. One indication of this var, 
the percentage of plants, based on 3,701 respondents, plan- 
ning increased use of automatic production equipment and 
controls. A summary of this portion of the Au tomati on survey 
is shown in Table XXVI, From the magnitude of the aggregate 
investment in production automation and the increases in 
automated systems reflected in Table XXVI, it seems likely 
that the planning efforts of the individual companies 
involved will be greatly affected . 
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I'QU I PK'tsNV A ND COi'JTRO nS 

or Contro l Per con .- _• e of _P1 ants 

_ Planning Increase 



Drive and speed regulation 


62.8 


Control of sequence 


opera ti oris 


55.1 


Process sensing and 


control instruments 


42 . 1 


Automatic measuring 


and gaging 


39.6 


Automatic 'neighing 




24.3 


Tape and punch-card 


control 


28.3 


Process analyzers 




15.2 


Compute 1 " control 




21 . 6 


Remote control 




.1 5 . 3 



Source: 1368 Automation Trends Survey and Forecast , pp. 12- 

15. (conducted by Market Research" Department, 
Automation magazine) . 



CIIAI'TIIR XV 



AUTOMATION ?V\D CONTROL 



Introduc fcion 



The management function of control is the close corn 
panion of the function of planning. Its purpose is to ensure 
that plans succeed, i.e., that specific objectives are 
achieved. The controlling process is regarded by Koontz 
and O'Donnell as: "....one of establishing standards against 

which performance can be measured, measuring performance, and 
correcting deviations from the standards or plans. Douglas 
Sherwin states: "The essence of control is action which 

adjusts operations to predetermined standards, and its basis 
is information in the hands of managers ^ The elements of 
control include internal auditing, measuring and evaluating 
organizational performance , and the establishment, and main- 
tenance of the management information system. 

The purpose of this chapter is to discuss certain 
effects of automation on the control function and to present 
the survey results regarding automation and control 



“Harold Koontz and Cyril O'Donnell, eds . , Management : 
A Book of Re adings (Nov: York: McGraw-Hill, Inc., 1368), 
p. 505. 



p. 507. 



'Douglas S . Sherwin, "The Meaning of Control," ib id . 



i oi i tx ol • t' a -Co.;:. on . or /.uttv 'no 

Previous studios liave shown that .h<. , , a 5. n rea-ons cot 
panics automate are related to the desire for hotter contro, 
Tn a study conducted hy the Stanford he search Instil utc ior 
the J.S. Department of Labor to determine what factors i.<. Clu 
once manager.! a j. decisions to automate , the researchers found 
management’s major objective in automating to be cost reduc- 
tion* The researchers conclude, in part; 

Cost reduction at the time of automation appears to 
be the major objective when decisions are made to auto- 
mate. And it is primarily through the effect of auto- 
mation on labor productivity that cost reduction is 
sought. ... Significant savings can also result from the 
fact that automated operations tend to produce less 
scrap and fewer rejects and damaged goods and to require 
less reworking, less in-process inventory, and less 
plant space than alternative methods of work.'' 

Control ractors are also the most, predominant ones in 
secondary reasons for automating. The Stanford researchers 
further state: 



. . . All of the companies studied reported that they 
expected automation to improve woduct quality, accu- 
racy of work , and customer service. 

Another aspect, of cost reduction is cost stabiliza- 
tion. Automation increases the role of fixed relative 
to variable costs, thus decreasing the effect on total 
costs of changes in volume of production. 

. .. Automation mitigated, problems connected with pil- 
ferage, goods breakage, shortages of skilled workers, 
volume fluctuations ... 



Richaru S. Roberts, Jr. , Manag omen t Decisions to 
A utoma te (Menlo Park, California: Stanford Research Insti- 
tute, 3264). p. 7. 
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I oid . , 



pp. 7-8 



i 0 




ings similar to those of the St.;:, ford Pt.e.rch Ins t i tut 




Auto mati on study, the co.m&an.i e c surveyed were ashed to inu.i- 



shown in Table XXVII which gives, for each specified reason, 
the percentage of the total, number of respondent indicating 
that as their primary reason for automating and the percent- 
age indicating that as the secondary reason for automating. 
The reasons for automating related to control are asterisked. 
The results support the Stanford study conclusion that the 
most prevalent reason for automating is to reduce costs. 




There were 2,606 responses to this question. The results a.v 



‘TABLE XXVIJ. 




Percentage of Plants B e spe nd! iu 



Primary 



Secondary 



Reduce general costs 
I ncrea s e o r o duct ion 



73.4 
63.0 
52.6 
32.9 

18.4 
16.8 
11.3 

2.5 



1C. 5 

14.6 

20.1 

17.6 

21.8 

18 . 6 
13.2 

2 . 5 



Improve quality* 
Competition 

Overcome labor shortage 
Eliminate scrap loss* 
P.educe material costs* 
Other 



^Control Factor 
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T] ,e T nhc ; p a on o Con trol 

The >usis for control is .infer at ion . This is true : : 
both the autom ated and the non ■ automated company, Lo’-'cve- , 
there appears to Ire a difference with automated systems even 
though the difference may be more of degree than of kind. 
Traditionally, the managers of the major activities in a com- 



pany, whether they be Head of the Sales Department or Vice 
President for Manufacturing, have had a genera], understanding 
of the activities of each other. But they have also had a 
more or less precise understanding of the boundaries between 
functional activities. In automated systems functional lines 
may become more blurred because of a requirement for a high 
volume of information to flow repeatedly across functional 

r~ 

boundaries . J In the ideal case accurate and current infor- 
mation would flow smoothly between managers in sales, manu- 



facturing, engineering, finance, etc. In the automated 
production system the plant becomes the "machine," and 
collective management becomes its control mechanism. One 
thing automation means is integration of the physical plant. 
Its counterpart is "integrated management" which implies an 
overall company point of view and superior teamwork . The 
concept, of course, does not apply only to the control 
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Kurd , "Automation 
Jo urna l (April. 1 
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Management , " 

p . 10, 



I. (•/ 

function of jv n g.- .-.it, but tic >'i -a i or L i . orr.a tier. -y; 
too, the basin 10: control, is: abo a •. j or vehicle for 

facilitating ' integrated management. " 

Di m ini sh ed Rerpo n so ' ti . ~ 

Under automation less time is alio 1 , '.d both to sense 
an unacceptable condition and then to correct it. Manage- 
ment, therefore, has to provide for a much faster reaction 
time to operating problems. Downtime of the automated pro- 
duction line, for example, is more serious than is an .inoper- 
ative machine in a conventional plant. The cost of downline 
in an automated process or line is very high. It therefore 
becomes essential to minimize downtime for successful eco- 
nomic performance of Die system. This requires quick 
reaction when trouble occurs and. also, a careful .1 y planned 
and executed preventive maintenance program. It may be 
desirable , for example, to pre-schedule routine servicing, 
tool changing, and similar maintenance functions at interval 
when downtime is otherwise required. While the highest love 
of concern for an inoperative equipment in a conventional 
plant might lie a foreman, automated production line downtime 
has to be the concern of top management. 

The typical high rate of production which automation 
accomplishes is in itself a characteristic which ; uts pres- 
sure on the organization to respond quick ly to • . urgencies. 
If process control is lost to any degree such that defective 



unit? ' output ;c- hoi _ ] reduced , +.’• , r. the dof : c, t.i. ■ • o . 
off the line at the r .ne high . tr as a ac’ units. T)v ecat 
o ; " continuing to produce faulty product at a high rate could 
obviously be serious. Quick detection of such a condition 
is important to preclude losses which might be substantial . 

A responsibility is placed on management , then , to visualize 
and anticipate such emergency situations and to develop and 
prescribe procedures for dealing with them. 

In addition to these pressures on physical process 
control, automation tends to dictate faster reaction time by 
management for some other reasons. For example, there is 
likely to be increased stress on management of automated sys- 
tems to be alert in sensing changes in their product market 
and to provide for rapid feedback to the organization, par- 
ticularly production. Even the time allowed management to 
sense and react to the need for change is likely to be 
affected. An acceleration in the rate of feedback from 
"technological frontiers" to the plant may be required. 
Diebold apparently had this in mind when he expressed this 
view: 

The reaction time of management must shorten. The 
time for leeway in adapting to new technologies has 
disappeared. Companies must keep track of a number of 
fundamental areas of scientific work and must react 
rapidly to apply this work when the time is right. 

They must consciously plan to be the ones who obso- 
lete not op ly their own products, but thoir very 
industries . 0 



John Diebold , Bevond Automation (hew York : k'cGraw- 



Hill Boo 1 ' Col 



my, 1 9 G -■ .* , p. 20 
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It was previously mentioned tbai i require n for 
hand Ling .Largo volumes of information generally accompani' - s 
automation. The voiune of data is even greater because 
information is in a sense "dist:> ? led 1 da ta. It also appear 
that there are certain characteristics of automation which 
dictate more rapid availability of information. The great! 
increased complexity of the production "machine" tends to 
confront management with a much more complex set of control 
conditions. This seemingly constitutes a threat to the 
human capacity of manageme’it to control. 



There appear to be at least two ways in which these 
effects are mitigated. The first is related to the conti nuou 
flov7 principle of automation. When the production process is 
converted from batch or intermittent manual and mechanical 
production to automatic continuous production, the require- 
ment for many day-to-day discrete decisions is negated. 

These tend to be middle-management type decisions such as 
decisions on scheduling, work allocation, stationing materi- 
als, work methods, etc. 

The second mitigating factor is the availability of 



electronic detta-processing equipment to aid management. For 
several of the major business information subsystems such as 
finance and. logistics the .information tends to be recurring, 
documentary, internal and historical. These subsystems are 
generally susceptible to computerization thus relieving 
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• '] 0 i Liv o easier-., rl 

vi ore, compute r c r V.uuie largo arvi. m" of tv • 3 1 . 

coupled with ■ titative tcchn.l gm \c such a? s fx.t i. r, t:‘ C;> , 
opei at ions re; earch, snd linear pr ego <u=t ..ing , cun help pro- 
vide the answers needed by 1 '.anayem ant to admins In the deli • 
catc-Xy balanced operations of the automated plant, high ly 
advanced applications may be achieved by direct inter face 
between electronic computers supporting the man cciienl ir for- 
mat ion system and the computers controlling the physical 
production process . 

It is not intended to oversimplify or understate the 
control problems imposed on management by automation. The 
processing of data and its conversion into information can 
to a large extent be done by computers, but it remains t at 
management has to provide for the control of a much more com- 
p 1 ex sys tern, u nd e r a u toma tier.. 



Surv ey P eso 1 ts : Control 

Crit eria for Measur ing Organ i zati onal Performance 

One of the xna }or aspects of controlling is the measure- 
ment of the overall performance of a company. Pn individual 
company may establish a number of criteria against which the 
organization’s performance is to be measured. Also the 
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The pu po: o. Question 7 < i tn« 

was to determine : • there arc dii forenoon between the •••■» uto - 
mated :.r>d non -an to, .a ted groups in tie ino-or i - : ice ir.si y nod tv 
management to cor l*.:. in measures of organa ze.ti ortcil performance 
The question rends as follows : "bpif. does y o_u r. conoroy r.ea- 

sujL'e the organ i nat ion 1 s per formanc e? U sing t to .following 
l ist of p e r f or rna nc e measur es , sel ect and .in dic ate )r/ c he ck- 
marks , the five (5_) which arc most import ant for you r com- 
pany : " The list of specified measures of performance is 
shown in Table XXVIII which presents the summarized response 
to Question 7. Of the 131 companies in the automated group, 
j. 20 companies responded to this question with useful infor- 
mation, and 111 of the 11C coppani.es in the non'- automated 
group provided useful answers . 

Table XXVIII shows for each performance measure the 
number and percentage of companies in the automated and non- 
automatod groups which consider the spoci f ied performance 
measure to be among the five most important . Inspection of 
the data reveals that the greatest differences in percenteg 
between the automated and non-automa tea groups are for the 
performance measures corporate grov.’th, increasing production 
.innovation, loyalty of employees, market standing, profit- 
ability and return, -on-investment . The test for difference, 
in population proportions was made Cor each of these seven 
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m • i o--- . Me*: i' of the c. j ' f ere near. j popu ! a ti j o >,.t 

'■re si«iui { .ic.rit at the i per c nt ( . OJ.) .level. Th r '\i'c 
ences Cor increasing puoducticr ; innova Lion , loyalty of 
employees , and market standing 0:0 significant at the 5 per 
cent (.05) level. The differ one-; s for the other three mea- 
sores, corporate growth, profitability, and retire n- on- 
investment. were found to bo "not sign.i f leant . 

In Table XXIX the data from Question 7 has been re- 
arranged to show how the. specified performance measures are 
ranked by the two groups. The most interesting aspect of the 
rankings is the similarity between the two groups. Both 
groups consider the same five measures of performance (prof- 
itability, return-on-j nvestment , corporate growth, customer 
satisfaction, and sales) to be the five most important. 

Also, both groups rank productivity sixth in importance and 
quality of output seventh. Employee turnover, absenteeism 
and safety 3:ecord are considered by both groups to be the 
least important, as measures of organisational performance. 
There are some minor differences in the order of the middle- 
ranked criteria. 

The survey results indicate then that the two groups 
are similar in terms of the relative importance assigned to 
various criteria for measuring and evaluating organizational 
performance , 
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Number 


Per cent 


bomber 


Per cent 


A. 


2 i b a cnteei s n 


4 


3.8 3 


r 


5.41 


13 • 


C omm a n ;L t y & p u b lie 
r espon s i b i 1 i t y 


9 


P .50 


9 


8.11 


c. 


Corporate growth 


75 


62.50 


57 


51.35 


D. 


Customer satis- 
faction 


68 


56.67 


64 


57 . 66 


13. 


Employee turnover 


4 


3.33 


8 


7.21 


F , 


Increasing pro- 
duction 


12 


10.00 


22 


19.82 


G . 


Innovation 


21 


17 . 50 


8 


7. 21 


H . 


jjOyaltv of 
employees 


10 


8.33 


2.1 


18.92 


I . 


'■'a rh e t s landing 
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3 2 , 5 0 


21 


18. 92 
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Productive ty 


4 3 


35.83 


43 


38.74 


K . 


Pr of i tabi 1 i ty 


Q-7 
^ / 


30.83 


97 


87.39 


L. 


Quality of output 


40 


33.33 


36 


32.43 


r.i . 


Reducing costs 


21 


17.50 


19 


17.12 


N. 


Return on invest- 
ment 


86 


71. 67 


67 


60.36 


0. 


Safety record 
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0.83 
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1.80 


P . 


Sales 
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33,33 


Qu a 1 i ty of o u tpu t 


32.43 


Marker standing 


32 .50 


i Pereas i.ng product i on 


1 q H y 


Reducing costs 
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7.50 
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As pr«- vioxislv a t ' i too , the basis for control is infoi - 



mat ion 



The rn.i1d.9e" ent information system ;i s thv means h 



>y 



which management hand 1 as the Inf orma tion that .xs entering , 
circulating, being generated within and leading a film. The 
type of management information system needed , in terms of 
whether or not it is conputer-ba°ed , depends on a number of 
things. Deerden and McFarlan state: 

In many companies, management is concerned with the 
extent to which computers should be used to automate 
their information systems. A more important concern, 
however, is the ade quacy of the management information 
system. Consequently, it appears to us that it is v.i tal 
to examine the quality of the management information 
system first and. to consider automating it second . Mot 
all management information can be improved by the use of 
a computer. Nor does all information generated by a 
computer qualify as management information.... The most 
important consideration for the business manager , r xs to 
have an effective management information system. 

Although there can be little disagreement with these comments, 

Ronald Daniel of McKinsey & Company points out: 

...the evolution of electronic data -processing r.y £ terns , 
the development of supporting communications networks, 
and the for mu 3 ation of rigorous mathematical solid: ions 
to business problems have provided potentia] lv valuable 
tools to help management attack its information prob- 
lems.... To an increasing extent, a manager’s effective- 
ness will hinge on the quality and completeness of the 
facts that flow to him and on his skill in using them. 

With technology changing at a rapid rate, i th the time 
dimension becoming increasingly critical. . .it is inevit- 
able that executives will roly more and more on formally 
presented .information in managing their businc-sses . . . . 
developments in management information systems will 
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Because ot rbr run.- tor ps.ce of ot»: i a t i on s and thv coj 
plexity of sutomj Led production sys terns , the volume and speed 
reguaroi.tcr.l-s oi the money omen 4 : an fori::- lion system arc. .in- 
creased . it fellows that firms with automated production 
processes are likely to be supported by corap a Lor-basod infer 
matron systems. While the potential benefits of computer- 
based information systems are great and they may be absolutely 
necessary to successfully manage and control,, the introduction 
of such » system generates its own unique problems” for 
management. Rosove attributes these problems primarily to 

xallra cxuu'..u dr CODCt X 'L.1Gjj 3 « 

^(1)^ the widespread lack of familiarity of managers 
ca } } q ci 6 a 1 1 i 1 1 _l s l c\ V ( .» r s w \ t :i L] 1 0 d 0 v c* X o pm e n t p r o c 0 s s fox. 
inioina '-ion sy s tens ; (2) the use of an xc relevant iv*odc3 

of hardware system development for the management of 
tl)e information system development process; "and (3} the 
incompatio.i Irty between existing management organisa- 
tion and administrative procedures and. the unique 
nature of the information system development process. 

Cuthbert i T urd states that where computer-based infor- 
mation systems are installed there is "an intensification of 
every management question. " 12 Hurd, also sees a modification 



'D. Ronald Daniel , "Management Information Crisis," 
P_ cl n a gem e n t r A Book of R eadi nejs . op , cit., pp „ 526-528. 

10 .. 

terry p. Rosove, Developin g Computer -Bas ed I n forma • 
ily.s toms (New York.-; John Wiley and Sons, Inc. , i960)’, 

^ 1 lbid. , P . 25. 

12.. , 

Jiurd, op. ext., p. 
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Tho rev. design*- and qiiiy.v-- ■ \ 1 l t will t < ill fib"!! x 
Modify tb . ! s job prcd-obly ] • o in the j iteid o' 

djgital u:,u i trui’.^'ission, TnoJvd-. d • n d i # On ] cl/.t-. 
transimiss: 1 on ere console*! . display . arid the inie/fuc 4 
hetv/oe •. a.utor ated product ion Ryste and oo; .■ uii.ee I o ■ : 
as welt as the interi't-jce : between coxy ai c. tions equip- 
ment arid data processing equipment . ' 

One i rid i c c t i on then of the eff cc t o f a 1 1 1 on»a tion o r 
management in terns of control is the relative complexity of 
the management, information system. Tho purpose of Question 8 
of the questionnaire was to obtain information on the numbers 
of companies which have certain types of management informa- 
tion systems. The question reads as follows : ’’ Uhl ch of the 

f ollowing a e script i o ns bes t c h a r a c t, e r i z e s your i 'ana gomcnf 
Information System 7 " The classifications used are shorn in 



Table XXX. In the automated group .113 companies made useful 
responses, and in the non -automated group 100 companies gave 
useful answers. Table XXX shows the results for the two 
groups. The majority (69.03 per cent) of the automated group 
indicated that they have computer-based management informa- 
tion systems. Thirty-five per cent of the non -automated 
group have developed computer-based management information 
systems. Using these percentages, the test for difference 
in population proportions indicates a difference signif cent 
at the ]. per cent (.01) level. Thi s suggests that management 
of automated, companies arc* more lihelv to feel the effects 
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Manual data 
processing 


13 


11 . 50 


40 


4 0.00 


Mechanical data 
processing 


9 


7.97 


10 


.10.00 


S 1 e c t r ora e cha n i c a 1 
data processing 


13 


11.50 


15 


15.00 


Lleetroni a data, 
processing (batch 
Bys ter; ) 


58 


51.33 


31 


3J . 00 


On-line, real-time 
electronic data 
processing 


.20 


17.70 
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The managerial functions of organi zinc and staffing 



are closely related as explained by the following definitions 
In defining organizing Koontz and O'Donnell state: "The task 

of organizing is to establish a system of activity groupings 
and authority relationships in which people can know what 



their tasks are, how their tasks relate to one another, and 
where authority for decisions needed Lo accomplish these 
tasks rests. Organizing thus establishes an environment for 
performance by individuals operating in a formally structured 
group, The same authors describe staffing as: "...the 



management function that has to do with putting people into 

7 

the framework of the organization . ’’ 

The purpose of this chapter is to discuss certain 
effects of automation on management in terms of the related 



managerial functions of organizing and staffing and to pre- 
sent the pertinent portions of the survey results. 



^Harold Koontz and Cyril O'Donnell, 
A Book of Readin gs (Hew York: KcCrav-Uill, 

7 1 b id . . r>- 28 8. 



eds . 
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Pane semen t ; 
1968), p 17 
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< ?l o; 'ViT’.^ tj Structure 

iv. ot.i ng the* pari , one observes teat basic c noa-j 
,’.n production technology liave been ~ coom;-: aniew by rev sod 
tore. 3 of organization, The type of organization suitable fo; 
the "cia f t system" became unsuitable for production methods 
brought .in by the industrial revolution. As we proceeded 
toward mechanization for "mass production" and the size of 
manufacturing concerns increased, the organization, including 
the management structure, underwent further reconfiguration. 
It may be that the basic change in production technology 
represented by automation requires another type of manage- 
ment structux inu . 

home of the effects of automation on some managerial 
functions have already been discussed in preceding chapters . 
Professor Julius Pezier has noted a relationship between 
changes in functions and the form of the organisation; 

There is a significant relationship between func- 
tions and the organizational framework in which they 
arc performed. A change in the functions will cause 
a corresponding change in the organization. .. .certain 
managerial functions are changing under the impact of 
automation. Therefore, it is assumed that they will 
affect both the organization of the firm and ^he 
place and role of individual managers within. 

There are differences among writers, however, in their 
evaluation of the magnitude of such changes resulting from 
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Automation," Advanced ’•’anager.ent Journal (Apr: 
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the lure of r?r.c.f!c ! ten 
character of the system 
Anaheii believes. "A iv ' 
automated processing of 



i v’i 1 ] r-.i--'. j be conditioned b .■ 

4 

be a ng managed . J.n contrast.- 
•; product ion technology in the f 
material:.- v»ill not lead to radi 
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new form 1 ? of management organization."' 

A core question concerning the effects of automation 
on the structure of management is whether or not automation 
tends to reverse the trend toward decentralization. As the 
size and scope of business organizations increased, particu- 
larly in the twentieth century, it became increasingly neces- 
sary to departmentalize the organizational units. It v as no 
longer feasible to make all decisions on the top executive 



level. Now, automation and related advances in information 
technology may be reducing the necessity for decentralization 
and the delegation of authority to lower managerial levels. 

A degree of recentralization is therefore likely. RezJer 
points out that: "Major changes caused by automation in the 

function of decision-making has already begun to affect the 
structure of managerial organization, especially the system 
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“Melvin A r shen , "Managerial Decisions," Aut om .m.. i on a. 
Techno? ogical Che.nge, ed. John T. nun lop (Krglewood Cliffs, 
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1962), o. 66. 
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The marked trend tov ard <>•' oerti 3 l '/■' lion o.C de c i jr 
muling in lav it organisa Lions probably vm J 1 be slot 
and in pari re >cv sex'! . The ability to t; c?< n mn;< t in 
mat.' on rapid l-’ and to r cco'opl.i. s'n naan data pr ocossi n ; 
economical i.\ on centra hly- locate co- M.ute 1 . 3 v;ill n< kc 
it po ■ sit 1 e a 'id desirable to return Lo headquarters a. 
share of the cioci sicrv- making ree porro ibii .i ty that ha 
been rushed to regional and~d.ist i ict cff.i cc-r or to the 
manaqe'''- of product groups. 



At the 1970 "Symposium on Automat i.or. and Society 1 ' at the. 
University of Georgia, Dr. Joseph Harrington, Jr., expressed 
his belief that a process of "managerial ref us ion" is taking 
place: "Management is being reformed into its original mono 



lithic structure (but as a group rather than one individual) .. 1 



„8 



The effect of recentrali zation on management is likely 
to vary with the managerial level on which individuals oper- 
ate. Previous research findings indicate that the impact of 
automation is the greatest on the two lower managerial 
levels. At the supervisory level Davis found: 

Computer installations have moved some decision-making 
and control upward to higher levels .... this action 
leaves operating supervisors with the feeling that 
they lac’; the influence they once had.... The new 
machines and systems are a severe challenge to a mar- 
ginal supervisor, and there is a new programming 



b... 



Rosier, op. ci_t . 



'Anshen, op. cit . , p. 80. 

^Joseph II o; ring ton, Jr. (Keynote. Address for th 
Second Annual Georgia-Teliance Symposium on .Alternation 
Society, University of Georgia, Athens, Georgia, April 
1970) . 
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With .iegar-1 to middle loan..' , ho-. ?vor, 
",..o£ ai.'l in a: vigor:'’ g.l level.". , middl e-yru-n, ■ - 
inor-t seriously by cho funeti onnl and orcja: 
ct asp'i by an Location. " L0 Simon's common .. : 
opinion . 



or 

tf.ion t j. s a;}; foe'. * 
fzatiou. :.l cnano -a 
> support this 



fncre is undoub ted Jy a rough, but tar frOij perfect., 
correlation between a nanager 1 s ox gani zational 1 evel and 
the exteu u to union his decisions are prograuirneu • • * , a 
great raany raidcD c-iaanageiaent decisions that have 
a 1 way s been supposed to call for the experienced human 
judgment of managers and professional engineers can 
no.-/ be made at least as well by computers as by mana- 
gers.... a large part, of the total middle-management 
lob ( consists of decisions of the same general character 
as those that have already yielded to automation. The 
decisions are repetitive and require little of the 
kinds or . flexibility that constitute man’s principal 
comparative aovantage over machines. Vlo. can predict 
with some confidence that persons making such decisions 
V7i.ll constitute a much smaller fraction of t.te total 
occupied: group. . , . 



In writing about the impact of automation on management 

organization Anshen cites the following possible cense- 

qaences for the middle -management group: 

1. An upward shift of the boundary between plan- 
ning anc performance , as a result of which many 
} 7 1 a n n i n g responsibilities will be removed from 
m i d d 1 e ~ 1 e v e 1 ma n a g e r s . 
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'K, Davis, "Human Adjustment 
Man age : tent Journa l (January, 1 954) , 



to 7v.uto. '.at. ion 
pp . 22-23. 
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Re z 1 er , on . elt . , p . 64. 
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:.er Hf-'r t. w Simon, "Tnc Vu coma r ion of Management, 
'll' miagemon t : A Boo:-;, of lea d iners , od . c :i t . , pp 5 3 3 - 5 9 g ^ 
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4, The ^ppr.c.i.-'.noe of u sharper, more 
demure at. ion bo t'-’cen the tgr and ike nidc.i 
organ! zatiorai structure ~ 
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Shi Is concludes that the regal 
tion tic.es deposed bv automation will 



eraont tor shorter rcac 
affect the management 



structure : 



The greater number of levels of responsibility in the 
conventional plant will be reduced by automation; 
there v/ill be fewer people between the top and the 
bottom man ...... If a machine breaks down, there will 

be some delay if information has to be passed up the 
traditional lines of authority, across, and then 
down again to the right specialist in a staff depart- 
ment, Under automation, the specialist may have to 
be called in directly . , . J "" > 



It is difficult to quantitatively assess the effect of 
automation on management structure. Simon believes that 
organizations v/ill retain their basically hierarchical 
structure . "*■'* Management, taken collectively, may continue 
to constitute about the same percentage of the total work 
force. Based on the findings of past research, however , 
there is apparently a tendency toward recentralization which 
affects the two lower levels of management, particularly 
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7\nshe.n, on. cit « , p. 73, 

I ** 

“’bdward B. Chile, Automation and Indus trjjvl Hi 1 c-.fi or r: 
(New York: Holt, Pinchart and Pins ton, Inc., 1.966), pp. 94-95 . 
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The Shape of Automation for and ' linage- 



r.v>nt, on. 0 3 1 , , p . .1.10 



t / i 



"O icn , A.l t yrc i - «• r, .j iCr 1 
ilj(- .• o' ciotlv.' ties tb it chc r ■’etc r , :v-' r.mh -)!o _mt.no t 

nro highly susoeg tid.-le to automa hi on . kiddle p, t :nac/ n . 
seoiii- to have honot ited most from doco.ntro.lj.za Lion. It 
a >. ’pours -rut it .‘.s the most affected by the process, c' ro . 1 
contrail zation. 



J nor ease in Sp ecial Su pport Groups 

In the traditional production environment , the .caste., 
workman wa s .caitiiliar with the tasks of each of his iournev- 
men. There was little requirement for the journeyman to 
contribute skills or knowledge which his foreman might not 
possess. His role was to produce. At a later stage, the 
Owner or manager oi a simple factory retained essentially 
this same relationship with his workmen . ^ 0 But as technology 
aavancea and production processes became more complex , the 
relationship began to change . It became .impossible for the 
manager, or even foreman, to have knowledge of the tasks of 
all those working under his supervision. Mastery of ail 
aspects of the production process by any one individual 
became less and ress feasible. It became necessary to use 
specialists in various phases of the process. 

Aii apparent effect of automation on the organizational 
structure is a rise in the number and importance of technical 



Andrzej Z a. 1 ev.sk i ; ‘Tne Influence of Automation on 
Management , " Employment Problems of Automation cind tv. 'need 
hnologv, ed . Jack rtieber (New"' YcrklTF. "Tlar tTTT'T Vy cTc'-t,' 
Inc., 136 6 5 pp . 3 f. 5 ~ 3 5 6 . 
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automation, one finding which tbo researchers repo "Led v*ar. ; 

Generally, technical support groups v/bich 'xustcr 
production operations have expanded in numbers and 
importance at both plant and corporate levels.... 
faster paced operations, raore delicately balanced 
units, growing dependencies bet' .’eon departments and 
plants ... have all been factors enhancing the 
position of support personnel. 0 

Also the iced for coordination and control over decisions fc 



large commitments of resources and to reduce costs of d.isrup 
tion have helped to strengthen technical support groups. So 
has increased equipment and system complexity. Examples of 
the impact of automation in terms of the rise in support 
groups include: "the creation or expansion of quality con- 

trol departments, the initiation of operational study groups 

and facility planning teams, and the growing importance of 

1 7 

systems, computer, and electronic maintenance groups. 



Another example is the growth in the number of companies 
establishing special groups to be responsible for automation 



^I’l.T.er ii. Buxack and Thomas J. McNichoIs , ''F.<.,.r:agenen 
and Automation Research Project: Final Report" (Chicago : 

Illinois Institute of Technology, 1963), p. 3. 
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.Figure 3. Growth Trend in Special Groups Responsible 
for Automation Planning. 



The rise in the importance of specialists associated 
with automation is likely to result in changed organizational 
relationships. Burack and TcNlchols repented, for ex amp] e, 
that : 

Staff personnel are .increasingly displacing areas 
of authority and prerogatives of line managers ... The 
clustering of needed skills and technical knowledge 
in support groups, with the obvious ’racking of higher 
level management, has narrov.ed the «copo of the 



V is 4 *i <■ o- >c ra Ling i a\.i so i et .i nn.i . '!•?•• 

l;»-ed to.' ■ >i vv " tc; "c!cr' >-ith‘ .*,n\ r,')"t 

hrs cori -a -ending 1 v i ncrea sod ... Oft cot i'uc« •>. 
rc '?er c. re •: ar. oc, alone.! in an ovr.'i’j ; i i Oi< b : < 

noon exclusive t'of^et'rion of special i z.vd ’ r novl (. ‘ J 

As a j - e r -ult t*hc-< e arc likely to be imp] icat.i on- ro. the 
orgarti Hatton on on as the i '-structuring of authority, the 
reel ignuent o ,: functional re la hi ens and possibly oven uhang 
ing career oyoortuni ties . Therefore, an rmp ortant and chal- 
lengin'! task of Management becomes the coordination of 
specialists in technical application with line supervisors 
and others in the organization . Not the least important is 
the development of productive relations between the special- 
ists and management itself. These are in reality additional 
facets of the problem of organizational integration. 

Manag erial Qu ad 1 fi cat .i ons 

A pertinent question posed by automation is what 
effects the shift to automated production systems has on the 
qualifications of individuals needed to manage the enter- 
prise, First, fruitful results from automatic production 
systems often require a fundamental change in approach and 
a willingness to rethink the problems of the entire business 
in terms of ultimate goals and final product. These are not 
technical questions. They are problems of method, organiza- 
tion, and attitude, and they require superior managerial 
imagination, skill ar.d experience to solve them. Automation 

18 t , . , 

lore., pp. 



44-45 



X < ■ i I 



■ •I "r: 



of i-' : {■ t .1 



• ,i 1 : 






C I 



, r 




Tho C 




Previous research, rinding?; support the hypothesis 
that as production becomes more automated there is a tendene / 



toward redefinition of management credentials. In a study of 
44 companies including 72 plant sites the researchers found: 

Technological change in these process and process- 
type trrms are a major factor in bringing about sub- 

0 tan uj <3 1 l oderini tions of super v i r. or y and managerial 
functions and long standing career patterns. Pore 
technically based operations, closer operating reia- 
tionships -between units,, higher rates of output, and 
more control instruments are among the technological 
factors reshaping job demands. Management ' s .interors ■ 
ta tj.on of work system needs is shifting promotion 
credentials to a heavy emphasis on the degree holder 
.... Inose process operations combining large numbers 
of variables call for complex: problem •• so3.vi.ng skills 
thought to require the technical degree hoidex .... 
riant?; of production units characterized by advanced 

1 evei <, oj. process technology tend toward personnel 
with formal, technics] credentials while less advanced 
operations utilize considerably greater numbers of 
experience-trained employees . 
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higher forv.nl ec.ueation for ui,m. uonent eer formal » .-.ocr j i • 
nen::.'*eK.ent personnel , ht the sane fc.-if.io esgorien j<. L r r^pa. 
antly being do mgraded in importance as a cr it or. Lon for 
managerial quuJ.ii: icaticn. These phenomena arc being observ 
because with the introduction of pronounced , inter dependent 
systems, a basis is established for the irccl.i.f ica tion of 
management qualifications. In more advanced automated sys- 
tems, characteristic features of technical complexity , in:c 
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likely to 
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whole, and 



z and comprehensive controls create emphasis on 
1 analysis,- problem solving and system-wide orien 
According to Shils: ’’Automatic production is 

increase the advantages of formal training in 
, because each plant must operate as a unified 
such operation is best achieved by techniques of 



managerial planning and control, which have to be acquired 

7 2 

by formal training."" 



Eff e cts on M anagem ent of the f ork Force 

Several studies have shown that the major and most 
common reason given for automating production is to achieve 
reduced costs, primarily through direct la K or reductions. 
Kiliing c -ov:r th notes: "Almost by definition, (automation is 

21 

Jbld . , p. 24. 

z Shils, cp. cit., p, 262. 
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cv.ltie? created by automtion .Tor tins*!? led vor’-ers, Otto 
Eckstein believer that the large group of worJ.ors in the 
serai -skilled category are the ones primarily affected by 
automation. lie states: 

In inv view the group at the very center of the aufo- 
rriaraon problem consists of the 'serai-ski Hod who ran 
twe^seruniy lines in such mass production industries 
C.S outc.s, neat packing, rubber, and in continuous 
process industries such as steel, chemicals , and 
peircneun renning .... the technology of assembly 
lines nas been changed by the coming of electron.!.- 
c^-L.i\ conti ol.l 6o ri do pnocrn&]Tnu?ci rou ipn»Gn r , cstk! 
wil!; the coning of the automated equipment . the 
total labor force contracted considerably ' the 
1™-?^ ^^sutoraation is far from complete and the 
■oUitdru. lapiu. increases of productivity will reduce- 
xegui.ements for^ additional workers and displace some 
^..ers now on the job .... technological change has 
puc .many of the jobs (of the semi-skilled) in pern, 
ana wnen displacement comes, it poses particularly 
dif.icmt problems of adjustment ... . This group of 
workers will continue to constitute the most series 
human problem of adjustment to automation . 

ri -jor tasjc for management resulting from the labor 
■>ava.ng er._cct of automation is the readjustment of the tor!; 
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Attrition. The regaining displ acre v-or]'ers h;.ve often been 
absorbed by internal transfers. In a study of seven cor.- 
panic;? which had undergone au toraation , hi chard 8. Roberts , 
Jr., of the Stanford Research Institute reported: ''Manage- 

ment in all of the firms '.’anted to avoid creating hardship 
for employees, as a result of automation . In all cases, 
transfers were to be effected and advantage was to be taken 



of normal attrition to avoid layoffs 
all cases where jobs are eliminated 
offs be avoided. As Eckstein points 
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by automation can 
out x many workers 



in 



lay- 

have 



been laid off, especially in the process of mass production 
industries converting to automation. In these cases manage- 
ment has the additional task of facilitating the separation 
of these workers from the work force smoothly, and to alle- 
viate the loss of their jobs by paying severance pay or 
s ini. lar compensate ons .. 



Automation also affects the administration of the 
work force because of changes in seme ski 11 requirements 



^Richard S. 'Roberts, Jr., 
Automate" (Menlo Park., California 
tuLe, 1964), p. 44. 
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nature for management . hs automation el im nates certain 
skills and jobs, and creates a need f or new skills and job.-. , 
it becomes necessary to undertake the training or retraining 
of workers for the new jobs and to establish new job classi- 
fications. Training .for work in automated production 
requires the development of new training methods and train- 
ing content. For example, in the past, the worker had to be 
shown how to run a machine or to perform a hand operation, 
and v;as given direct control over the machine or tool. 'With 
automatic equipment, the instructor's job may be to teach 
the worker to keep his hands off the machine, leaving adjust- 
ments and repairs to the professional or technical mainte- 
nance staff. Also the new jobs must be classified, their 
contents described and analyzed and determinations made as 
to what rating factors are important. The traditional job 
evaluation system has grown up under the manual '-'/stem of 
production. Under automation there are radical changes in 
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R. Bright, "Does Automation Raise hi ill 
Harvard Business Review ( July-August , 1018) , 



iob c 7 * r l. <- t.i 11 • . i <./ ■ i. m h • ;>i i ci 1 ' 

an-'i • • to h; j: ! 1* • j”i n ’ C asi - in «. 

respectively. lanaq orient :o p rticipai ix these deter- 

n.i na Li o.:s . 

To i? 3 ustr.ate automation's* effect or s npovc ■ c g.*.i 
roenvs Figure 4 (based on 1968 ?. a t o» nat ion Troop s Su rv- v arid 
F ore cast) shoe’s the shifting demand for maintenance oeV'-onne 
versus operating personnel in automated plants . figure 4 
shows the percentage of plants indicating that automation 
had resulted in a requirement for less personnel, the same 
number of personnel or more personnel for maintenance versus 
operations. The two sides of Figure 4 are nearly mirror 
images of each other, showing that 53,7 per cent of the 
plants indicated an increased requirement for maintenance 
personnel while 49,3 per cent showed a decreased requirement 
for operating personnel. These figures provide some idea of 
the magnitude of the manpower management task created by 
automa ting production . 
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Figure 4. Automation's Effect on Requirements for 
'I? intenanee Personnel versus Operating Personnel. 

Source: 1968 Autona tion Tr ends Survey and For ec ast , p. 9. 



Effects on Wag e A d mi nistra tlon 

Frederick Taylor and his successors in the scientific 
management movement were the creators of the theory and 
practice of systematically trying increments of human effort 
to increments of financial reward . In other words, scien- 
tific management is the parent, of modern wage incentive 
plans which include piece-rate methods, group incentive 
plans, and a great number of variations. As nechani za tic.n 
for mass production took place, incentive methods of wage 
determination gained in popularity, and today- such plans 
are widely accepted by management — but less so by labor 



unions and workers. 
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.Truly t>.i ocp rote 'tnod 3 . in au'-o.mnt .d product i.oi» o ocr - < 
tin. -oak boca’iO'' .i^chi no paced'' rathei than ’’ work- r. gasod ’ 
The workc no long'-: 1 " controls ! i.i s own output - . Msi, tht 
conti ibutj on of or>« v;orker canno L be j so i a ted X r> -m Li .<-■ < ;>;•> 
tribution of another . Since tne spee d of ■ ork is cteteri. inoci 
by the equipment and not by the vrorker, piece-rate method.--; 
of determining wage payments become inappropriate. Automa- 
tion, then , creates another important task for management — 
the deterjni nation of appropriate new wage criteria. A likel 
eventual consequence of automation is that more workers will 
be paid on a day-rate basis or even a salaried basis . The 
determination of actual wage criteria, however, is likely to 



present management with difficult problems. 
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It is not enough for management to know that auto- 
mation vri.ll possibly require changes in thinking about 
job evaluation and wage policies ... The major issue 
to be faced is, what to do about the dilemma of the 
"compensation basis"? 

Since the operators no longer control cu entity and 
quail ty — if they exert less physical and mental effort, 
if working conditions improve by automation and chance 
of accidents lessens, if fewer production decisions 
are made by the operator, and if less rki.l 1 knowledge , 
and experience are required on certain jobs-- -then what 
should be the criteria for wages' Should employees bo 
paid less because they contribute .less; or more, be- 
cause production is rising a result of : ..tarnation? 

If more, then on what basis? 
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able untTc,- cr-rf-aj n condition-, to make -r. of group incr. 

txvo wage me tkods ■•or example, yhero it can bo dc-nonntr.Ai • 

that joint paitic.wtion contribute? to t',«- success of the 

pex f omanco arid results can be incasatcci , then ft uny be 

pos-iMe for management to develop an appropriate group 

incentive "/arc formula . Some v.ir iters have suggested that 

management, under automation, will face union demands for 

new forms of worker remuneration such as "responsibility 

pay, 'tension money, 1 ' and "lonely money." Charles R. Walks. 

las summarized the task of management with regard to wage 

criteria under automated production in the following manner; 

...many companies are today seeking more appropriate 
methods of paying for -work done in an acre of ever- 
cnangxng technology. Some are experimenting with 
new varieties of profit-sharing plans; others are 
put. ting hourly wage-earners on salary. One v^y 
science-based corporation is conducting research to 
answer the question: "Just what, are we paying for?" 

(1) With the new technologies in some departments, 
should we not be paving day rates rather" than piece 
rates? (2) Would we not do well to put a larger 
portion of our factory personnel on salary? (3) What 
are we really paying for, or what wou.ld we like to" 
pay ^ for: skill, effort, seniority, professional or 

crau t^gxporrcncc , education, flexibility, loyalty or 
what? 
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ni wu to c : elc noi nc if ihei.e r.re vet :!i To ''oin’-i. < .i . lx - 
cress i. r. the in .-'Cj of wage plans for production work *rr.$ court 
.in companies having automated production versus those founu. 
in ase in non -automated companies. Thus , in Question c : com- 
panies wore asked; ’’For your prod uct ion work ers what typo 
or ty pes of wage payment plans do you use ? Us ing the follow 
ing lis t indicat e the one - or more types of pl ans that you 
use . " The choices provided were d aywor k , piecework , grou p 
plan , and other . 
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plans used in paying workers, although the hour is the time 
unit most commonly employed. The daywork plan is the 
simplest type of wage plan, and is the easiest to compute 
and to understand. It does not. provide .incentive for 
increased production. Piecework is the most widely used 
incentive plan . Under piecework , wages are determined by 
the number of pieces or units of work that are comp i : Led . 

The worker receives a prescribed amount (the piece rate) for 
each unit completed. His earnings consequently vary with 
output. The group type of wage pi an previous for incentive 
bonuses based upon group performance. Earnings of indi vidua 
workers are computed by prorating the bonus or premium pro 
duced by the group. Other types of wage plans include a 
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r n re.'i.’ >; -»•> to Qu . tier: ?, 130 coin aru ec out o ta • 
131 ii; the ed grcn - g ,vc usable am-rw rn while .. n the 

total non- -automated group or 116 cc. ■ p ari o.-. Useful aur. -\re 
wore jiven by li4 companies. In an. It sing tl-.c. respon -a to 
Question 9 it is interesting to nolo that the carabine a 
results tor the total of 244 companies show that 206 compa- 
nies (8 4.43 per cent) use daywork wage plans. This large 
percentage of companies using the daywork plan, probably 
reflects in part the influence of labor unions in wage plan 
determination , even in many instances where output standards 
could be readily set and thus incentive plans installed,. 

The piecework plan was reported m use by 63 (27.87 per cent) 
of the total of 244 companies. Forty companies (16. 3D per- 
cent) indicated that they use a group plan, and 12 companies 
(4,82 per cent) cave "other’’ responses all of which were 
some form of incentive plan, primarily the Standard Hour 
Incentive plan whi ch incorporates some incentive features in 
a basic daywork plan. Seventy-six companies (31.15 per 
cent) indicated that they use more than one type of wage 
pay ten t plan. 

The response to Question 9 for the -r.ro groups, auto- 
mated and non-automated , is shown in Table V'ti. ?w» would 
be expected the percen^aci-' of companies in th<- automated 
group using the daywork gl.in is g.c v for than the correspond:! : 
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° ' a ‘- tov r '- c • cc llo i *. ch p-- ■ «1 vk plan •!. h> 

ti,e |;;rccnt " ro ryf non-auto:-.,, ted com - c-i.p usihg t ht-_ . ’ cover 
1 -lar.. The survey results fur the? show u higher per, m ,.u ; e 
of t * m au tested group using a group plan. The test for 
difference in copulation proportions was ;vdc for each of 
those three types of wage plans as veil as for the piecework 
and "other" types of incentive plans cot Joined . For the day- 
work plan the results of the test indicate a difference in 
population proportions between the automated and non- 
automated groups significant at the 10 per cent (.10) level. 
The differences for the piecework plan, the group plan and 
tne cor.uxi.ned piecework and "other" incentive plans were 
found to be :i not significant.’ 1 
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COMPARISON BY TYPE OF 



WAGE PLAN 



dlLto ma ted .(130) Non -an toro a ted ( I ]. 4_) 
Number Per cent Number lor cent 



Dayv r ork 
Viecework 
Group P lan' J 
Other 
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1 " ,U " 5 ' OV n ' 1 1 0 1 • <7 1 1 h > r ;y. L « t ( . oi .,. tl 

■•' c ' rc ,r - r ‘ ' ,,l - c ?•<.:! o« • -Ctj (. n . only to. 

■•i.i f lc :.\:jye Let vf>?n the two groups with reoarf tc th- j y . ;C j _ (: 

1 >'.i gn.ir i cn.nt; , over at l ho in per cent level. As pro - 
vi.ou-.ly mentioned , the high percentage of non -automated con- 
punico using daywork plans is probably to a hreje extent the 
result of union in l 1 uence in determining the type of wane 
plan to be employed. Also, even in. non-au tome ted production 
processes there are many types of Jobs for which it is diffi- 
cult to develop production standards upon which to base a 

P9 

piece wo rx plan,' On the other hand the existence of piece- 

work and other incentive plans in a percentage of automated 
companies not significantly different from the percentage of 
non-autonated companies using such plans suggests a certain 
rig.,.dii_y in wage plans even after automating production. 
Robert Jj . Aronson comments on his experience regarding this 
phenomenon as follows: 

With the emergence of interest in automation, it was 
conr. roomily expected by many students that piecework 
anu incentive systems of wage payment would virtually 
ui..c.py(.ar J - com the £>cene ( at least in automated indus- 
t-.raes.. Machine-paced production and the growth in the 
nam.oer of indirect and non-production v/orkars create a~ 
presumption against incentive methods of wage payment. 
.^periL-nce, including our own observations in a number 
. or pxants, suggests that the concept of incentive wag- 
payment is made of sturdier stuff. In no case which we 
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g£9^.. ^o-» v^ork Force Skill ^(/uiren^nts 

Id Question 10 the investigator was interested in 
obtaining information which would enable comparisons, for 
several industries, of the numbers (percentages) of produc- 
t .o^ .ia h.tcnarive personnel versus the numbers (percentages ) 
of production operatives in automated and non --automated 
plants. .ft was also the objective of Question 10 to make 
comparisons for several industries of the percentages of 
production operatives in the skilled, semi-skilled and 
unskilled categories in automated and noa-automated plants. 
Question 10 reads as follows: " Would you please attac h to 

this, rjiturned ques ti onnaire a l ist of occupa tion s! skill 

j- tor yoiir pro duct ion empl oyees , shoving the 
iUZUC of employees in each skill. Pl ease use the s tanda rd 
g i a ss ificajy.ons- from the U.JS ._ De partm ent of Labor Dictiona ry 
2£9H£^tlonal Tit! es ■ For Exam ple : 505, 380 Cotting- 

ma chi ne fixe r [t ex tile) . " 
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Robert L. Aronson, Joly. Wages and char*.- : nn m 0 ch~ 
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.--no Labor Relations, Bulletin 55, July ;i Qfus) ,> 
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51 b-i 9- r " v - i-idies-i Led i.nat t y - ° '■ J use v’ ,>r 
o.' : 1' *i*i c- cia t i&u"j.c<it:ion xyc kc- ■ , :<\ nun!--: of co . . 4 . , j ;j 
both grouve hr *nk'Jy stated J it would be too Lr-n. u 
ino to compile the requested 3 n.^ormtxo:- . Typical res, -orr-c 
were : "We have io formal class;! ficat-J err.; " 'We do rot have 

a cross reference to the Department of L,,bor cb.ssi. fi ca- 
tions ; " "Do not have available;" "It world take oco^iderabJ. 
tine to a ss arable this data." 

Twen tv- three companies (17.56 per cent) in the auto- 
mated group did. provide some form ol production employment 
1 i s ; however , only 11 o.c these companies (8,40 per cent) 
had made a breakdown of workers suitable for analysis. In 
the non-ciu torea ted group 19 companies (16,38 per cent) pro- 
vided a list but only 8 of them (6.90 per cent.) wore in a 
rorm suitable for analysis. The response did not allow an 
analysis by industry nor did it allow a comparison in terns 
of maintenance personnel versus operatives. 

Using the 11 useful responses from the automated or or 
and the 8 from the non -automated group it was possible to 
make an aggregate comparison (not by industry) in terms of 
skilled and semi-skilled versus unskilled production worker u 
The data is shown in Tables XXX XI and XXXI II for the auto- 
mated ane non -automated sub-groups respectively. The range 
m the percentage of unskilled production workers for the 
-iU to. aa tec! sun-group as from 0 1 to 3'%. The correspondin', 
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group to total production worker* in e-s sub-group. Pxi.t, , t 
-s pet. cent ages these ratios are 3.2% and 34% for the auto, iwd 
anci non-automu ted sub-groups respectively . 

Based on a comparison of these two snail sub-groups 
the percentage of unskilled workers in production is consid- 
Cic.bly less for the automated sub-group than for the nor ■ 
automated sub-group. Or stated the other way, the percentage 
of skilled and serai -skilled production workers is a greet t. 
deal higher for the automated sub-group than for the non- 
automated sub-group. One might draw the conclusion from this 
that management of automated production facilities always 
...c t ces tne task of recruiting, training and managing a. better 
educated and more skilled work force. But, even for these 
two small sub-groups, it can be seen that the ranges of 
unskilled percentages overlap- -i . e . , some of the companies 
j.n tne automated sub-group have a greater percentage of 
unskilled production workers than do some of the companies. 

J.n the nor: -automated sub-group, Therefore, al though the 
figures for the two sub-groups overall indicate increased 
j.l requi.. emenus in the automated plant, it is hazardous 
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American Joint Conference on the Requirements of Autorate 
Oobs and their Policy Implications held in oasMnoion ' n 
on the btn 10th December , 1964 (Paris: Organisation for* 
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Company A 


17 6 


79 


255 


Company B 


154 


20 


174 


Company C 


64 


29 


93 


Company D 


313 


39 


352 


Company E 


47 


7 


54 


Company F 
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of the survey of companies. The survey of Managers and the 
quest ionnuire used were described .in detail in Chapter X . 

Of the 495 managers to which questionnaires ’were sent, 216 
managers returned usable data prior to the cut-off date. 
Thus an overall useful response rate cf 43.64 per cent via s 



experienced . 

Part X of the questionnaire was designed, in part., to 
obtain data enabling a comparison of the management profile 
in the automated production environment with the management 
profile in the non- automated production environment. The 
factors considered in the comparison are age, number of 
years of managerial experience and level of education. A 



total of 215 managers responded to the request for their 
age — 115 of these being from managers of automated firms and 
.100 from managers cf non-automa ted firms. The distribution 



of managers by age group is shown in Table XTXIV. Detailed 
analysis of the age data indicates a slightly younger group 
of managers from the automated firms . The mean ages are 
43.56 years and 44.41 years for the automated and non- 
automa Led groups respectively. The. median ages are 4.4 years 
for the automated group o.i 45 years for 
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third of onagers in ho Ih groups are 48 yearn of ace or ■ one. 



TABLE XXXIV 

DISTRIBUTION OF MANAGERS 
BY AGE GROUP 



Age Group 
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Under 26 
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and 12 y ears for 


tb'"* 


non - 
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automated firms as having slightly fewer years of experience. 



TABLE XXXV 

YEARS OF MANAGERIAL EXPERIENCE 
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24.56 
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28 
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20.20 


Over 20 


15 


13.16 


17 


17.17 



The survey results concerning the level of education 
for the two groups are presented in Table XXXVI . The group 
sizes are 116 and 100 for the automated and non ■••au tomated 
groups respectively. Table XXXVI clearly shows a higher 
level of education for the group of managers i n the auhem:' Lc - 
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TABLE X7XV i 
LEVEL OF EDUCATION 
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High School or less 
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14 . 00 
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15 


12.93 


7 


7.00 


This profile a; 


nalycis reveals then 


that the 


group of 


managers in automated 


firms are 


slightly y 


o unger , 


that they 



have slightly .less 



years of managerial experience, 



as a ? rou P they are significantly none educated. 



and that 



CIIAP'JT VI 



AUTO* i vTin.'J AND DTr.liCT.H' J 



Int r o d a c t ion 



Directing is defined by Koontz and O’Donnell as: "the 

managerial function of guiding, overseeing, and leading 

people."^ They further state: 

It (directing) is preeminently , therefore, that por- 
tion of the management process which involves personal 
relationships, even though... all aspects of managing 
must be designed to make it possible for people to 
work together effectively. But directing, as a func- 
tion, goes particularly outside of the formal organi- 
zation and the enterprise for its roots, since people 
are necessarily a product and a part of a culture far 
wider than a^y undertaking or its immediate industrial 
environment . 

The introduction of automated production processes 
may affect certain elements of the function of directing such 
as leadership style, motivational methods, and communications, 
The purpose of this chapter is to explore some of these pos- 
sible effects and to present the survey results regarding 
automation and the directing function. 
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"Harold Koontz and Cyril O' Donnell, eds . , 

A Book of Rcedin_gs (New York: McGraw-Hill , Inc., 





Manage ment : 

1968)7 



In the conven e. i one. I plant the suporvj s or r m: 



can ensure that production schedule? are met by nrl., r.g c<.x~ 
tain that each worker pc rforms his aha re of the operation at 
the required speed. lie might d.i splay a rather authoritarian 
type of leadership in supervising workers. On the automated 
line, however, the foreman cannot influence production by 
driving the workers to greater speed or intensity of effort. 
While such methods might better be modified even in the con- 
ventional plant, they are simply meaningless on the automated 
line because the worker does not control the work pace, and 



"the speed of production is not affected by the vigor with 

which a button is punched or the intensity with which the 

3 

machine is watched." 



Zalewski believes that lass authoritarian attitudes 



will become increasingly essential to the functioning of 
organizations in advanced stages of automation. The reasons, 
for this are that upper management has to rely mere on spe- 
cialists and because of the requirement, for :in teg rated , ream 
operations. Also, at the lower management levels, the super- 
visors have to rely more on the good will of the operators 



3 

Edward B 
{ N ew York : Ho 1 1 , 



Shi Is, Au tom a tion a nd I ndu s tri al He la L.:i ons 
Hinehart and Wins ton, Inc 77 1906) , p 102, 



and n ttexr > i 'ledge of their lobs. Zal T sh., ’ r eo ■ > an 
;;re roMeclrf in the following -:t. c*.rpt : 

Pot onh; rw r ' ma ‘coo itit u ;. sup ^rvir.o.vy pox w no el 
at all ipv«] ;; wi 11 r ii.-c then: qui.l i f.. 1 hi vo. chai a n 
th° admi nick rn t \\ e role xn • n ■■'.ui oas.toc society. A 
smaller, mo re central. - ' zee 1 poponti sory staff will 
necessarily resort to advice l ;: om experts ‘..’hose spe- 
cialized knowledge exceeds that of the supervises: xn 
the various technical aspects of the task at hand. 

'2 h i s f n c t , in itseJf, affects the working methods of 
managers and the quality of interpersonal relation- 
ships on the job. It means th&L supervisors will have 
to rely more and more on the good will of subordinates. 
Thus a less authoritarian attitude will become increas- 
ingly essential to the functioning of an organ! ration 
.... Supervision remains essential, but it is the final 
results rather than detailed operations that^must be 
supervised in advanced stages of automation. 



Effect on Motivation 

In addition to these effects of automation on 
leadership aspects of directing, it rnay be that work 
vat ion is also affected by automated production. As 



the 

er no ti- 
the 



working environment changes from non-automated to automated, 
management has to be sensitive to the psychological effects 



on workers. An awareness on the part cf management of the 
factors entering into worker attitude is extremely important. 
This is true 'of course in the conventional production envi- 
ronment as well as in the automated plant. However, auto- 
mation involves such changes in the production environment 
that job motivation is very likely to be affected. For 



'A n d r z e j Z a 1 ew s k i , "The 
Management," J imp 1 o ym e n t ' Proble m 
Technology , eel. Jack Stieber (K 
Inc . 7" 196 6 ) , p . 3 57. 
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ww^YorkT lit 7 Martin’s Pres 
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o- a v • o , ' •’ v !• .. of rr-n to rot . va ti .1 .1 pc Lois J’h • If r I t 
‘ An Lon at i on '”!] Iran ~ out rev 7 ’si en J :. 7 ‘ or the rolativi 
importance of earnings versus job satis '".action .■ no status. 

A nu-.ber of writers stress the iw -or tnr.ee of infer-* 



per sonal relationshi 
cf automation in the 
certain d y s f u r c* t. i o n s 
interaction, closer 



py and job motivation . In a case study 
automobile industry William Faunae foun 
related to revised patterns of socia .1 
worker supervision, increased feelings o 



tension, loss of control over the work pace, ana feelings of 



insecurity engendered by a feeling of being divorced from 
the work process. Faunae reports his findings in part as 
follows : 

In addition to the changes in job content, there 
were differences between Lhe automated olant and the 
plants using conventional machining techniques in 
patterns of social interaction on the job. As a 
result of increasing distance between work stations, 
closer attention required by the job, inability to 
work ahead and take a break, and machine noise, many 
workers in the automated plant were virtually isolated 
socially. Interaction occurred less frequently withi n 
smaller groups and there was less identification with 
a particular work group in the automatic plant. While 
there was less contact with other workers , the worker 
in the automated plant reported closer supervision by 
the general foreman and superintendent as well as by 
his foreman. The increased supervision was a result 
of both a decrease in the number of workers per fore- 
man and an increase in amount of time spent by each 
foreman in direct supervision on the line. This 
. increased supervision was regarded by the company as 
necessary because of the cost of "down time" or work 
stoppage in the automated departments . 



The decreased opportunity for 
and the increased supervision in 



social interaction 
the automated olant 



. .1 s , op . 



c 3. 



108 



! 



J 



v;.‘re >ot t ‘-oiu-co of oh pot: f lCoioi: v. tli work in t .in 

plant. Voio e'"e -i n tn.: r-lr'it . . j r c re o ted inc c cl 
f o»l.i s of to •' c "i o" on the job ’-real ting pr.inor.ily 
f -o"i tie in or oo cod rate o' rn'od'u'-ti on o r ,<; the v-ovnl oi 
at i r-nt ion r^aui^ocl by tie job, The .loos of control of 
\’oj.V p.'-.ce ;"ic1 u fooling of being dm v coed icon the \ cri' 
process in the sense that .it was no’./ <ho machine which 
did the ’’ovk -cere alee listed as ^oiwos of dissatis- 
faction vti tli automated jobs. 1 ' 

In another study of worker: in an automatic seamless 

pipe mill, C. R , Walker ' reported that v/orkers compla ined of 
.increased tension. He cites typical v/orker comments: 

I’d rather have to work hard for eight hours than 
to do nothing physical but have to be tense for eight 
hours, the way I do now. 

On my old job... my muscles got tired. I went home 
and rested a bit and nv muscles were no longer tired. 

On this new automatic mill, your muscles don't get 
tired, but you keep on thinking, even when you go home. 



In contrast with F ounce , 



however , Walker found that after a. 



period of adjustment in the automated plant the workers began 
to demonstrate a strong feeling of belonging to a team. This 
was evidenced by group cohesiveness and the expressed desire 
to participate in joint problem solving. 

In a comparison of the automated job with the non- 
automated job Strauss and Sayles' note an important difference 



william A. Faunae, "The Automobile Industry: A Cuso 

Study in Automation," Au tom ation and Society, cdo . Howard E. 
Jacobson and Joseph S. Roucek (how York: Philosophical 
Library, J.nc., 1959), pp. 48-49. 
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Charles 



(New York 



;Gr 



R. Walker, Moder n Technolog y a nd Ci vili zatiou 
aw-Hill Book Company, Inc., 1962), op. 204-207. 
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George Strauss and Leonard R. Sayles, 
Problems^ of Management (Lnglewood Cliffs, Lev; 
IVehTIce- -ila 1 Y,~ Tl-Too “p . 54. 



The Human 
J ex ey : 



in • or) ■ ■; r irot'' r don. T,,ey pci nt t,. e, at ca uh c.or.v: 
tional assf '.1 >lj lin*. there is no teal inccuhi uo . or vor 
to keep the equipment running sneothly because the more 
uninterruptedly the line runs, the more work the worker inr.i 
do. In the automated plant, however , the operator has 1 title 
to do as long as the equipment is operating smoothly. He 
only has to work when the equipment malfunctions. Conse- 
quently, Strauss and Sayles conclude, the worker is strongly 
motivated to keep the au tom a. ted line in good running order. 



Effect on Communicati on Proces ses 

The characteristic interdependence of automated pro- 
cesses implies participation, and participation is facili- 
tated through oommum catron. Shi Is s L a c c s LnaL. W j_ Lu 

automation, nev> channels of communications must be estab- 

, q 

lished.'" He feels that in order for production engineers, 
technical specialists, product designers and the other em- 
ployees in automated production to function as on integrated 
team, a more effective system of communica Lion is necessary. 

Because of the requirement for the rapid flow of infor- 
mation, automation accentuates the need for lateral conr.rani- 
cation. As Za lev; ski puts it: “Rather than a vertical line 

on the organization chart along v/hich orders pass from top to 
bottom and reports pass upward from subordinate to manager. 
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9 . . . 

" Sn.ris , op . cut . , 

1 0 , . . rr 

Ibid., p. 95. 



P, 93 



.1 I > 



a bane will 
between tli.-.' -a: 



ter o. press ! no ro.ic civ ns arid cu. .utianic: t.ic nr 
orvisor and the specialists for •.’hose rest 1 . Its 



h e is x' e »p or: •• • i o le. ’ 1 



The most important aspect of these possible effects 
of automation or, the managerial function of directing J s 
that manager: -n t be aware of them, understand: the possible 
consequences and; be ready to mate necessary adjustments and 



improvements . There is probably a tendency on the part of 
management to be preoccupied with the ’’hardware 1 ' of automa- 
tion. Many writers stress the possible negative consequences 
of this, pointing out that attention to human factors is 
certainly not less important in the automated plant. Shils, 
for one, believes that professional managerial attention to 
human relationships is more important in the automated pro- 
duction environment : "Professional managers are more impor- 

tant in an automated plant than in a conventional plant,.,. 
There becomes evident a nev; relationship between supervisors 

and workers, which requires a better knowledge of human reia- 

12 

tiens and organisational leadership." 



Surv ey Re suits : p gree t i ng 



C oxapa r 5 so n of Managerial A tti tudes 

The purpose of Part II of the questionnaire to indi- 
vidual managers was to determine the relative orientation 
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v.alewr.ki op. cvt., p. 35! 



Sh i 1 ~ , op . c it . . p , 



t 



107 . 
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ox th<*. t T 'o groj. s of managers toward author! la.r i«* n or j ar- 
tic.ipalj.vo leadership sidles and to provide fox a comparison 
of the two groups in this respect. Phatak states: 

The connotation of the terms "authoritarian manage- 
ment" and "participative management." and the managerial 
styles associated with these two management philosophies 
are well known. One cannot categorically classify any 
manager as exclusively authoritarian or participative 
in management style. Most managers vacillate on a con- 
tinuum of managerial styles, the range spreading between 
authoritar ian and participative managerial patterns. At 
the same time the managerial style (s) of a manager or 
groups of managers can be identified as relatively 
oriented toward either the so-called authoritarian man- 
agement, gr the participative management philosophy or 
theory . J " 

Of the 4S5 managers to which the questionnaire was 
sent, a total of 207 managers completed the attitude ques- 
tionnaire in Part II and forwarded usable data, a total 
response of 41,82 per cent. One-hundred-and-nine of these 
are managers in automated firms, and 98 are managers in non- 
automat ed firms. 

Managers responded to each item in Part II on a five- 
point scale as follows: strongly disagree; disagree; uncer- 

tain; agree; or strongly agree. For half of the items, a 
high score indicates a favorable attitude toward authori- 
tarian management concepts. For the other half of the items 
the scale was reversed and a low score indicates a favorable 



/Arvind Phatak, "Managerial Attitudes in the United 
States and India," The Ec onomic and_ Business Bull et in (Phila- 
delphia : Bureau of Economic and Business Research, .School of 
Business Administration, Temple University , Summer 1969), 
p „ .1 5 . 
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at hi luce toward uieipat.i ve manac- o ant concepts. E^cu 
it em , ir. other vorus , was scored so that a. high score (to*'/-.- • 0 
5) indicates an attitude consistent with the authoritarian 
management style, and a low score (toward 1} indicates an 
attitude consistent with the participative style of manage- 
ment . The possible range in total score is 32 points, from 
8 (extremely participative) to 40 (extremely authoritarian) 



with scores above .16 indicating an attitude in the authori- 
tarian direction and scores below i 6 indicating an attitude, 
in the participative direction. 

The results of the survey indicate that both groups, 
i.e, r managers in automated and non-automated production 
environments, tend somewhat toward a preference for the 
authoritarian style--but not greatly so. The mean total 
questionnaire scores are 18.413 and 19.888 for the automated 
and non-automated groups respectively. Thus, the automated 
group has a lower mean total score indicating a less authori- 
tarian tendency than the non-automated group. To determine 
whether or not the difference in mean total scores for the 
two groups is significant, an analysis of variance was con- 
ducted on the data. The analysis shows that the difference 
in the mean total questionnaire scores is significant at the 
1 per cent (.01) level, h summary of the analysis of vari- 
ance is presented in Tabic XXXVII. 
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Source 



Sun of Squares Degrees of 

Freedom 



bean Ratio 

Squares 



Production 

Process 



112 . 26 



1 



112.26 



6.913 



Residual 



3328 . 18 



205 



Total 



3440 . 44 



206 



The analysis of managerial attitudes also included a 



comparison of the automated and non -automated groups com- 
bined with certain biographical factors, the data for which 
were obtained, in Part I of the questionnaire to managers . 

The factors considered were: (1) age; (2) managerial level; 

(3) number of years in present position; (4) number of years 
with the firm; (5) number of years of managerial experience; 
(6) level of education; and (7) major field of study. The 
respondents in each of thq two groups were farther classified 
by each of these seven factors. The resulting profiles 
obtained are presented in Figures 5 through 11. Examination 
of the profiles shov;s that the observed range of the mean 
total questionnaire scores runs between 37.0 and 21.0 with 
three minor exceptions. Again, this indicates that both 
groups tend somewhat toward an authoritarian managerial atti- 
tude, However, in all categories for each biographical fac- 
tor considered the mean total scores are higher for the 
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Figure 7. Mean Total Questionnaire Scores according 
to Production Process and Years on the Job. 
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Figure 9. Mean Total Questionnaire Scores according 
Production Process and Years of Managerial Experience. 
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MAJOR FIELD OF STUDY 

Figure 11. Mean Total Questionnaire Scores according 
to Production Process and Major Field of Study. 



To conclude this section on managerial style, an 
excerpt from the .Annual Report of one company in the auto- 
mated group provides a good example of the participatory 
approach : 

Every morning at 9:30 in the Control Room, depart- 
mental foremen meet with the production Supervisor to 
review performance and make necessary adjustments to 
correct schedules ... Deficiencies in the performance 
of any department, which affect other departments, are 
ironed out in preparation for the day's production. 
These Action Meetings, conducted within the ranks of 
supervisory personnel without management interference, 
have proved most effective in raising the standards 
of production efficiency. Foremen recognize the 
dependence of each department on others, and take 
pride in the problem-solving responsibility. 



Managcm nr*- Percent! on of Fnoloyee !lot:i v at j on 

The purpose of Part III of the questionnaire to Indi- 
vidual. managers was to determine v?hat motivational factors 
management believes contribute most positively to job satis- 
faction among employees and to compare the automated and 

1 / 

non '-autoinn ted groups in this respect. Frederick lie) zberg , 
who has devoted many years to the study of motivation, con- 
tends that management often emphasizes the wrong factors. 
These factors he refers to as "hygiene’ 1 factors, which, if 
absent, can make a worker unhappy but, according to Herzberg, 
their presence does not make workers want to work harder , 
Based on his studies Herzberg states: 



...the factors envoi ved in producing job satisfaction 
(and motivation) are separate and distinct from the 
factors that lead to job dissatisfaction.... 



Two different needs of mem are involved here. One 
set of needs can be thought of as stemming from his 
animal nature — the built-in drive to avoid pain from 
the environment, plus all the learned drives which 
become conditioned to the basic biological needs. For 
example, hunger, a basic biological drive, makes it 
necessary to earn money, and then money becomes a 
specific drive. The other set of needs relates to 
that unique human characteristic, the abili ty to achieve 
and, through achievement, to experience psychological 
growth. The stimuli for the growth needs are tasks 
that induce growth; in the industrial setting, they 
are the j oh c ontent . Contrariwise, the stimuli inducing 
pain-avoidance behavior are found jn the job environ - 
ment t . 

The growth or motivator factors that are intrinsic 
to the job are: achievement, recognition for achievement, 



J ‘Frederick Ilerzberg, "One More Time: I 

Motivate Employees?’’, Harv ard Bus ine ss lev j ew 
F ebr ua ry , 1968), pp . 53 - 6 2”. 
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the work itself , responsibi lity , and growth or adv a ce- 
nent . The d.i ssntisfaction-avo:! du ace or hygiene factors 
that arc extrinsic to the job include: company policy 

and admini r tra Lion supervision, interpersonal relation-. r 
ships, wot king conditions , salary, status, and security. “ 

Her zberc, ’ s conclusions are based primarily on his 
studies of people as emplo yees or workers. The objective in 
this study was to determine to what extent man ageme nt 1 s view 
of what the motivator factors are coincides with Her zberor ’ s 
findings. Thus; in Part III of the questionnaire managers 
were asked: "What m otivatio nal factors do you feel con- 

tribute most positively to job satisfaction a mon g e mpl oyees? 
Please answer t his q uestion by use of the following list of 
motivational factors. From the list choos e the five (5) 
f actors which you beli eve contribu te most posit ively to job 
satisfaction and indicate your choic es by c h e c k -m a r k s . " The 
factors listed were Kerzberg ' s thirteen "motivator" and 
"hygiene" factors. 

There were 208 usable responses to Part III--113 of 
these from managers in automated firms and 95 from managers 
in non- automated firms. The results for the total sample 
asre presented' in Table XXXVIII which shows how the specified 
factors are ranked by the total group of 208 managers. It 
is seen from Table XXXVIII that management considers s alary 
to Vje the factor which contributes most positively to worker 
job satisfaction. This belief on the part of management is 
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in direct conflict with Herzberg ' s findings as to what fac- 
tors are actually the primary cause of satisfaction and what 
factors are the primary cause of dissatisfaction on the job, 
"Salary," one of Hcrzberg's "hygiene" factor s, was found in 
more instances than not to contribute to job dissatisfaction 
rather than to job satisfaction, ^ Table XXXVI XI also shows 
that management, places three "hygiene" factors and only two 
"motivator" factors in the top five. The three middle ranked 
factors are "motivator" factors. The "motivator" factor 
"responsibility" is ranked tenth in the list of thirteen, and 
the three lowest ranked factors are "hygiene" factors. 



In Table XXXIX the survey results are shown broken 
down between the automated and non- automated groups , As in 
the result for the total sample both groups rank "salary” 
first as contributing most positively to job satisfaction. 
Four of the five highest ranked factors care the same for both 
groups. The automated group includes in the top five, "ad- 
vancement," which is ranked sixth by the non -automated group. 
Also, the non-au tomated group includes in the top five, 
"working conditions," which is ranked sixth by the automated 
group. Both groups rank "the work itself" seventh and " 
"achievement" eighth. The five .‘Lowest ranked factors are the 



same for both groups although they are not in the same order , 
In addition to the; similarity between the two groups 
with regard to the order in which they rank the various 
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factors, thr difto cnees in the pcrccr ages be Lwc.cn th two 
groups are small for most of the factors. The factor showing 
the largest difference in percentages is ''working conditions.,' 
whi ch was included in the top five factors by 33.63 per cent 
of managers in the automated group and by 54.74 per cent of: 
those in the non-autoraated group. The difference in those 
two proportions is significant at the i per cent (.01) level. 
The differences for the factors ''company policy and adminis- 
tration," "opportunity for personal growth," and "salary" are 
all just significant at the 10 per cent (.10) level. 

The automated group includes three "motivator " factors 
("recognition for achievement," "opportunity for personal 
growth," and "advancement") in the top five. The non- 
autornaced group includes only two "motivator" factors 
("recognition for achievement" and "opportunity for personal 
growth") in the top five, although the sixth ranked factor, 
"advancement," is a "motivator" factor. The factors "the 
work itself" and "achievement" ranked seventh and eighth, 
respectively, by both groups are "motivator" factors. Pour 
of the five factors ranked lowest by both groups are "hygiene’ 
factors --the exception being the "motivator" factor "respon- 
sibi lity . " 

Thus, the two groups of managers are much more similar 
than dissimilar in their beliefs about what factors are more 
important in. promoting job satisfaction. Their beliefs, how- 
ever , are not consistent with research findings as to what. 
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fac tors arc actually the yrimar oar- ->r or worker .seller ac- 
tion and Y/hich ones are the primary or use of dissatisfaction 



T/TBLE XXXVI 1J 

RANKING ASSIGNED TO MOTIVATION 
FACTORS BY MANAGEMENT 



Factor 


Number (208) 


Per cent 


Salary 


168 


80.77 


Recognition for achievement 


156 


75.0 0 


Security 


109 


52.4 0 


Opportunity for personal growth 


102 


4 9.04 


Wo r k i ng condi t i o n s 


9 0 


4 3.27 


Advancement 


81 


38.94 


The work itself 


70 


33.65 


Achievement 


62 


29.81 


Relationships with other employees 


46 


22.12 


R e s p o n s i b i 1 .i t y 


40 


19.23 


Company policy and administration 


40 


19.23 


Supervision 


3 9 


18.75 


Status 


32 


15.38 



TABLE XXXIX 



RANKING 
THE AUT 


ASSIGNED TO 
OMATED AND 


MOTIVATION FACTORS BY 
NON -AUTOMATED GROUP S 




Au t orna ted Gr oup 


(113) 


Non-aut orna ted G 


coup (95) 


Factor 


Per cent 


Factor 


Per cent 


Salary 


84.96 


Salary 


75.79 


Recognition 


76. 9S 


Recognition 


72. 63 


Personal growth 


54 . 87 


Work conditions 


54 . 74 


Security 


51.33 


Security 


53.68 


Advancement 


38.94 


Personal growth 


42.11 


Work conditions 


33.63 


Advancement 


38.95 


Work itself 


32.74 


Work itself 


34.74 


Achiev enent 


30.09 


Achievement 


29.47 


Relationships 
with other 




Company policy 


24.21 


employees 


23.89 


Supervision 


21.05 


Responsibility 


21.24 


Relationships 
with other 




Supervision 


16.81 


employees 


2 0.00 


Status 


15,93 


Responsibility 


16.84 


Corap any policy 


15.04 


Status 


14.74 



C lit 1.1- TER VII 



SUltLARY AND CONCLUSIONS 



Summary 



It was stated in Chapter I that the broad hypothesis 
underlying this study is that the introduction of automated 
production systems will affect the responsibilities, roles 
and activities of management. The purpose of the study has 
been the investigation of certain effects of production auto 
matron on the process of management in terms of the mana- 
gerial functions of planning, controlling, organizing , 



staffing and directing. 

The study was introduced by a review of the relevant 
literature. It was seen that there has not been a standard- 
ized, uniformly accepted definition of automation. The 
literature does reveal, however, that there is wide agreemen 
that the concepts of continuous flow and closed-loop auto- 
matic control are essential to the full automation of manu- 
facturing and processing systems. 

Based on the literature, the history of automation 
was traced from three standpoints: (1) the evolution of con 

trol devices; (2) the evolution of continuous flow of assem- 
bly and transfer operations; and (3) the evolution of data 
p r oc: e s i i o ,?.u t oma lion. 1 1 wa s 



seen that in some respects th 



lb. 

principles of automat ion can be traced to ancient origins. 

In the section concerning the state-of-the-art of automat i on , 
however, it was noted that while there nay be basically 
nothing new about automation in so far as concepts are con- 
cerned, the modern equipment and devices which make automatic 
control and handling more feasible and the extensiveness of 
the applications of automation are new. This section also 
.included an explanation of the distinction between automation 
in process industries and the automation of discreet produc- 
tion, The section concluded with a presentation of examples 
of current automation applications and installations. 

The final section in the review of the literature 
chapter traced the development of professional management in 
relation to technological evolution. 

The four chapters following the review of the litera- 
ture constitute the report of the primary research effort 
and addressed themselves to the effects of production auto- 
mation on the managerial functions of planning, controlling, 
organizing and staffing, and directing. Each chapter con- 
tained an overview of effects based on the literature and 
previous studies and a report of the survey results pertain- 
ing. to the managerial function being investigated. 

In the chapter dealing with the effects of automation 
on the planning function it was first suggested that planning 
is the managerial function most affected by automation. The 
following section included treatment of: 



. 1 . 
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The increas’d criticality of planning resulting 
from automating production 

2. The effect of automation on the managerial 
planning horizon 

3. The effect of integrated production on 
ma na g erne n t philo s op hy 

4. The increased importance of business fore- 
casting under automated production 

5. The effects of automated production on the 
decision environment 

The succeeding section reported the survey results pertaining 
to planning. The sub-functions, elements or aspects of plan- 
ning to which the survey addressed itself were: 

1. Analysis and comparison of the automated and 
non-automated groups with regard to the exist- 
ence of written corporate plans 

2. Analysis and comparison in farms of the length 
of future planning periods 

3. Analysis and comparison with regard to the 
existence of written statements of objectives 
and goals 

4. Analysis and comparison of business forecasting 
practices 

5. Analysis and comparison in terms of planning and 
decision-making techniques employed 

The final section of this chapter dealt with indicators of 

the impact of production automation on managerial planning . 

The second of the four primary research chapters was 
concerned with the effects of automation on the control func- 
tion. The first section of this chapter discussed and estab- 



lished that the most prevalent reasons for automating 
production are based on control f actor s--the singlomost 



important, reason being the 
following section included. 



desire to reduce costs, 
di scussions of : 



The 



1. The integration of control 

2 . The requirement for diminished response times 
in the automated production environment 

3. The effects of production automation on the 
capacity to control 

The remainder of the chapter was devoted to reporting the 
survey results pertaining to the control function. The ele- 
ments of control to which the survey addressed itself were; 



1. Analysis and comparison of the automated and 
non-automated groups in terms of the criteria 
used for measuring organizational performance 

2. Analysis and comparison of the types of manage- 
ment information systems installed in the auto- 
mated and non-automated companies 

The next research chapter was concerned with the 
effects of automation on the organizing and staffing func- 
tions, The first section explained the close relationship 
between the organizing and staffing functions. The follow- 
ing section treated: 

1. The effects of automation on management 
structure 

2. The increase in the number and importance 

of technical and other special support groups 
a c ccmpa ny i ng a u toxna t i on 

3. The redefinition of management credentials as 
production becomes more automated 

4. Effects of automation on management of the 
work force 

5. Effects of: automation on wage administration 



The remainder of the chapter was devoted to reporting the 
survey results pertaining to the organizing and staffing 
functions. The elements to which this part of the survey 
addressed itself were: 

1. Wage plan patterns in the automated and 
non-automated groups 

2. Production work force skill requirements 

3. Analysis and comparison of management profiles 
for the automated and non-automated groups 

The final research chapter was concerned with the 
effects of automation on the directing function. The first 
section discussed the unique nature of the directing function 
in that it is preeminently that part of the management pro- 
cess which involves interpersonal relationships. The suc- 
ceeding section treated: 

1. The effects of automation on leadership 
style 

2. The effects of automation on worker 
motivation 

3. The effects of automation on communication 
processes 

The remainder of the. chapter was devoted ' to reporting the 
survey results pertaining to che directing function. This 
part of the survey addressed itself to: 

1. Analysis and comparison of managerial leadershi 
styles in the automated and non-automated group 

2. Analysis of management perception of employee 
motivation and a comparison of the automated and 
non-automated groups in this respect 
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Cone lu si ons 



The findings and conclusions presented here ■: e baseo 

on the survey results which were reported in the four research 
chapters. Most of the conclusions rest on statistical co - m- 
parisons of the automated and non-automated groups of com- 
panies . 

Questions 3a, 3b, 4a, 4b, 5 and 6 of the questionnaire 
to companies were designed to determine the effects of auto- 
mation on certain aspects of managerial planning. First, 
based on the response to Question 3a, a comparison of the 
automated and non-automated groups was made in terms of the 
relative criticality of advance planning as reflected by the 
existence of written corporate plans. Statistical analysis 
of the data showed that a significantly higher proportion of 
the automated companies have written plans. The conclusion 
drav/n from this is that the management of automated companies 
do es experience a more critical need for formalized advance 
planning. It was also found, however, in response to Ques- 
tion 3b, that considering companies which do have formalized 
corporate plans, there are not significant differences 
between the automated and non-automated groups with regard 
to the amount of multi-year and long-range planning. 

The data obtained in response to Question 4a were 
analyzed statistically to determine if there were significant 
differences between the two groups in terms of the existence 
of written statements of objectives and goals. From this 



that the management of automated 



ana .lysis it may be concluded 
companies attach a greater importance to advance planning as 
reflected by the significantly higher proportion of automated 
companies having written statements of objectivc?s and goals. 

The purpose of Question 5 was to obtain information 
enabling a comparison of the automated and non -automated 
groups with regard to: (1) the extent of business forecast- 

ing activities; (2) the frequency with which forecasts are 
made; and (3) the length of periods for which forecasts are 
made. The forecast types considered were sales forecasts, 
production forecasts, profit forecasts, manpower forecasts, 
financial requirements, equipment requirements, facility or 
plant requirements, and technological forecasts. Statistical 
analysis showed that a significantly higher proportion of 
automated companies make forecasts in each of the eight 
specified areas. It is therefore concluded that automation 
doe s have an effect on whether or not companies engage in 
forecasting. The analysis in terms of the frequency with 
which forecasts are made indicated that, with the exception 
of manpower forecasts, the automated companies perform fore- 
casts more frequently than the non -automated firms. Further- 
more, based on an analysis of the length of periods for which 
the various types of forecasts are made it may be concluded 
that the automated group tends to forecast further into the 
future than does the non -automated group. 



The response to Question 6 . lowed that very few com- 
panies in either the automated or non-aut .ivetcd groups make 
use of certain of the quantitative planning and decision- 
making techniques specified. Based on a non-statistical 
comparison, however , it is reasonable to conclude that more 
of the automated companies employ advanced planning and 
decision-making techni ques . 

Question 7 of the questionnaire to companies was 
designed to determine if there are differences between the 
automated and non-automated groups in the importance assigne 
by management to certain measures of organisational perform- 
ance. It was found that the two groups were much more simi- 
lar than dissimilar in the order of importance in which they 
ranked the specified performance measures. It is therefore 
concluded that automation has only minor effects on the 
relative importance assigned by management to the various 
criteria for measuring and evaluating organizational per- 
formance. 

Another indication of the effect of automation on 
management in terms of the control function is the relative 
complexity of the management information system. The purpose 
of Question P was to provide for a comparison of the auto- 
mated and non-automated groups is this respect. Based on 
statistical analysis of the results it is possible to con- 
clude that the proportion of automated companies having 
computer-based management information systems is significant l 



Q. 



ha q her than the proportion of non -automated companies havin'; 
ranch systems. 

Questions 9 and 10 of the questionnaire to companies 
and three of the questions in Part I of the questionnaire to 
individual managers were designed to evaluate the effects of 
automation on certain aspects of the organizing and staffing 
functions. Based on statistical analysis of the response to 
Question S the conclusion is that at present there are not 
significant discernible differences in the pattern of wage 
plans in use for production workers in automated versus non- 
automated firms. 

The response to Question .10 indicated that the per- 
centage of skilled and semi-skilled production workers is 
considerably higher for the automated group than for the 
non-automa ted group. The analysis was based, however, on 
two small sub-groups. Consequently, the evidence is con- 
sidered insufficient to draw a general conclusion regarding 
the effect of automation on skill requirements. 

Part I of the questionnaire to individual managers 
was designed, in part, to obtain data enabling a comparison 
of the management profile in the automated production envi- 
ronment with the management profile in the non-automated 
prod action environment. The factors considered in the com- 
parison were age, number of years of managerial experience 
and level of education. From the profile analysis it is 
concluded that, the managers in the automated group of firms 
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a^e slightly young ex , chat they wve slightly fewer years of 
managerial experience, and that as a group they are signifi- 
cantly more educated . 

The questionnaire to individual managers was designee, 
primarily for the purpose of investigating certain effects of 
automation on the directing functaon. Specifically, the pur- 
pose of Part II was to determine the relative orientation of 
the two groups of managers toward authoritarian or partici- 
pative leadership styles and to provide for a comparison of 
the two groups in this respect. The survey results indicated, 
that both groups, i.e., managers in automated and non- 
auternated production environments, tend somewhat toward a 
preference for the authoritarian style. The automated group, 
however, exhibited a less authoritarian tendency than the 
non-automa ted group. Statistical analysis of the data showed 
the non-automa ted group to be significantly more authori- 
tarian in managerial attitude. 

The purpose of Part III was to determine what moti- 
vational factors management believes contribute most posi- 
tively to job satisfaction among employees and to compare 
the automated and non-autemated groups in this respect. Con- 
sidering the response for the total sample of managers it 
was seen that management's beliefs are not consistent with 
previous research findings as to w’hat factors are actually 
the primary cause of worker satisfaction and which cnes are 
the primary cause of dissatisfaction. The managers ranked 



more "hygiene’’ or "maintenance" factors than " otivato '' 
i. actors in the five most .important. In comparing the re- 
sponses of the automated and non-automated groups it was 
found that the two groups were quite similar with regard to 
the order in which they ranked the specified factors. One 
conclusion drawn from these results is that there are only 
minor differences between the two groups in their beliefs 
about what factors are more important in promoting job sat- 
isfaction. It is further concluded that management may be 
emphasising factors which dc not necessarily motivate employ 
ees and contribute to job satisfaction. 

Areas for Further Research 

There are two specific suggested areas for further 
research, both of them arising from limitations’ of this 
study. First, because of the differences between various 
automated production processes, the effects of automation on 
management may vary from industry to industry. Therefore, 
an important area for further research would be the study of 
effects of production automation on management within given 
industries. Secondly,- this study does not account for the 
possible effects of company size on management for the func- 
tions, sub-functions and elements investigated. There re- 
mains a need to separate and measure the effects of size. 
This too is suggested as an area for further 



research . 
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APPENDIX A 



Letterhead: The University of Georgia 

College of Business Administration 
A th en s , Georgia 30601 



January 22,. 197 0 



Dear Sir: 

I am a candidate for the Ph.D. degree in Business Administra- 
tion at the University of Georgia. 

Your help is requested in an intensive study of "Management 
and Technology." It will take a f ew minutes of your time, 
but these minutes collectively will provide the data for the 
most important part of my doctoral dissertation. The primary 
objective of the study is to contribute to a better under- 
standing of this increasingly important topic. . 

Your answers to the enclosed questions will be kept in confi- 
dence and will appear only in unidentified or statistical 
summary form with those of other companies. No one but me 
will see your returned questionnaire. 

It will be helpful to me if you do provide your company name 
in question #1 for reasons of product classification; however, 
if you prefer not to indicate company name, please leave it: 
blank and complete the remainder of the questionnaire. 

Please use the enclosed envelope to return the questionnaire 
directly to me. 

Thank you for your help. 



Sincerely , 



John E. Wildm.an 
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’APPENDIX B 



Letterhead: The University of Georgia 

College of Business Administration 
Athens , Georgia 3 060.1 



January 22, 1970 



Dear Six': 



I am a candidate fox: the Ph.D. degree in Business Administra- 
tion at the University of Georgia. 



Your help is requested in an intensive study of "Management 
and Technology," It will take a few minutes of your time, 
but these minutes collectively will provide the data for the 
most important part of my doctoral dissex tation . The primary 
objective of the study is to contribute to a better under- 
standing of this increasingly important topic . 



Your answers to the enclosed questions will be kept in con- 
fidence and will appear only in statistical summary form, with 
those of other managers. No reference to an individual man- 
ager or an individual company will be made. No one but me 
will see your returned questionnaire. 

It will be helpful to me if you do provide the name of your 
company in question #1 for reasons of product classification. 
However , if you prefer not to indicate company name, please 
leave it blank and complete the remainder of the question- 
naire . 



Please use the enclosed envelope to return the questionnaire 
directly to me. 

Thank you for your help . 



Sincerely , 



John E. Wx 1dm an 



EXAMPLES OF' CORPORATE OBJECTIVES 



FROM TllE AUTOMATED GROUP 



Company A 

OVERALL OBJECTIVES 

1. To develop earnings per share that can be sustained over 
the long range and can be increased progressively without 
erratic swings during various cyclical periods. 

a. To develop a reasonable and constructive market 
evaluation of our stock. 

2. To be strong enough and competent enough in each of our 
chosen fields of business that we are not at a competi- 
tive disadvantage in the market place. 

3. To provide a business atmosphere within which each 
employee can maximize his or her individual' potential 
for growth and advancement. 

4. To accept the responsibility and to exercise the oppor- 
tunity to be a constructive force in the nation and in 
our communities in the development of an improved social 



s true tu re . 
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Corrtoanv B 

COP- PORATL OBJECTIVES 

1. (Company B) will conduct its business in a manner which 
upholds its reputation for integrity, quality, relia- 
bility, and special capabilities; maximizes the value of 
the stockholders' investment; provides opportunities for 
all its employees to grow, perform, and achieve financial 
security. 

2. (Company B) will plan and achieve a continued profit 
growth as measured by return on investment and earnings 
per share . 

3. (Company B) will carry on appropriately balanced, diversi- 
fied, growing, and profitable businesses in... 

4. (Company B) will comply with applicable laws and regula- 
tions in the equal, employment opportunity field. It 
will not discriminate against any employee or applicant 
for employment because of race, religion, color, national 
origin, age or sex. 

5. (Company B) will be a market-oriented company: 

(a) ascertaining and anticipating the needs of 
present and future markets it can serve; 

(b) acquiring market positions, including consumer 
markets, where feasible and desirable in prefer- 
ence to selling raw or semi-finished materials 
or basic commodities ? 



j Pi .* 

(c) achieving product and sc vice' pre-eminence in 
chosor markets; 

(d) becoming completely deployed toward markets 
basing organization, capital .investment, product 
development on response to market dynamics; 

(e) withdrawing from markets showing continued 
uncorrec table low return on investment. 

6. (Company B) will achieve highly efficient manufacturing 
capability in its major product lines; will keep its 
facilties in superior operating condition; will maintain 
in its operating areas suitable environmental quality, 
and will meet., and when possible exceed, in both letter 
and spirit, all environmental standards. 

7. (Company B) will achieve growth in the following ways: 

(a) By continual increase (including geographical 
expansion) in percentage share of those present 
markets and products which have the greatest 
profit and growth potential; 

(b) By entry into related new markets and products, 
based upon exploitation of present market posi- 
tion, manufacturing capabilities, and existing 
or newly developed technology; 

(c) By licensing, export sales, and limited equity 
investments abroad; 

(d) By acquisition of businesses conforming to other 
objectives of this plan, meeting the folio-wing 



criteria : 
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on gn g ed .i.n manuxac lure of present 
products, or 2:0 luted now markets and 
products ; 

stx engthen (Company B's) market, manage- 
ment, manufacturing, rav; material or tech 
nical position; 

bring financial advantage to (Company B) 



STATEMENT OF OBJECTIVES 



comoanv 



1, To make a profit by serving primarily the ( ) 

.industries through engineering , manufacture/ and market- 
ing of: high-quality products. 

2, To maintain a sound financial position to provide for 
growth , diversification, and research as well as to 
insure economic stability, security , and opportunity for 
our stockholders and employees. To share profits with 
employees as an incentive for improved performance, while 
paying our stockholders a good, return on their invest- 
ment, To contribute a share of the profits through the 
(Company C) Foundation for educational/ religious , and 
charitable purposes for use primarily in our plant com- 
munities, but also throughout the United States. 

3, To administer the resources and facilities of the Company 
effectively and harmoniously by: 

a. Maintaining a sound organization structure through 
which management can most effectively direct and con- 
trol the enterprise; 

b. Providing the motivation and opportunity to employees 
to develop their skills and abilities to perform 
their present jobs bettor and to become prepared for 
advancement to better jobs; 
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c. Stimulating the initiative of employees to suggest, 
plan, develop,- and promote improvements in methods, 
systems, procedures, products, and facilities, to 
keep informed of the best industrial practices, and 
to insure that outmoded procedures and uneconomical 
methods are abolished; 

d. Conducting the day-to-day business of the Company on 
an efficient and effective basis that will provide 
both short-range and long-range profitable operations 

e. Maintaining sound personnel policies and practices so 
that employees are treated fairly and justly in 
accordance with our respect for the dignity of indi- 
viduals and so that they a i d in and are consistent 
with attainment of our commercial and financial objec 
tives ; and 

f. Keeping employees, stockholders, customers, suppliers 
and our public continuously informed of our objec- 
tives, plans, and accomplishments. 
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objective: -- 



OBJECTIVE 



OBJECTIVE 



OBJECTIVE -- 



OBJECTIVE -- 



C ORB ORA TE OBJ EC T IVES 

- To he the outstanding ( ) organization 

in the world. 

- To discover new solutions to our customers' 
problems and to use this knowledge to develop 
new products . 

- To make a profit sufficient to create and 
attract required capital to support our growth, 

- To attract, develop,, and retain highly compe- 
tent,, enthusiastic people who make it possible 
to realize the other objectives* 

- To participate as a corporation and to encourage 
participation by individuals in the life of our 
communities, with the intent to assume our fair 



share of civic responsibilities. 
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(COMPANY E ! S) CORPORATE PURPOSE 

(Company E) will meet with integrity its responsibili- 
ties to shareholders, customers, employees, suppliers, 
government and society,. 

(Company E) intends to rank among the highest 20 per 
cent of comparable iJ.S. companies in terms' of earnings growth 
and return on shareholders equity, thereby enhancing the 
value of its stock. In sales volume, (Company E's) objective 
is to be one of the top 500 manufacturing companies in the 
U.S. 

The company intends to continue and expand its diversi- 
fied basis of operations within its areas of competence. 

Entry will be made into selected new markets and products. 
(Company E) will continue to develop its international oper- 
ations in areas of opportunity. It will discontinue opera- 
tions that do net produce satisfactory long-term returns on 
committed resources. 

(Company E) will manage its affairs with excellence. 

It will develop and employ strategic planning as a framework 
for. achieving its objectives. Plans will include courses of 
action to be taken and timetables for accomplishment. 

(Company E) intends to broaden the market for its New 
York Stock Exchange listed stock and to retain its present 



independent identity. 



(COMPANY F) CORPORATE OBJECTIVES 



(Company F T s) objectives are designed to generate 
enthusiasm., involvement, productivity, and increased profits 
throughout the entire corporation. The (Company F) Corporate 
Objectives are: 

(a) To build an integrated technology company; 

(b) To increase earnings per share at a minimum rate 
of 15% annually; 

(c) To increase interna] sales growth, exclusive of 
acquisitions, at a minimum rate of 10% annually; 

(d) To maintain an after-tax return on new investment 
of 15%; 

(e) To insure the total involvement and motivation of 
key personnel . 

Each of these corporate objectives is important in its 
own right, yet each complements the other. 

First, (Company F) will continue to build an integrated 
technology company. Our commitment in expanding the inte- 
grated technology concept will permit the corporation not 
only to serve a growing and expanding series of interrelated 
markets but it will also generate capital to enable us to 
expand research and development activities, to invest in new 
ventures, and introduce new products. 



Wo believe a combination of capable , highly ! :otiv a r. v< 
people coupled with in-depth p] arm inn and review at all 
management levels will assure us of reaching our earmings per 
share objectives. 

Third, (Company F) projects an internal sales growth, 
exclusive of acquisitions, at a minimum rate of 10 per cent 
per year. (Company F) is constantly reviewing its sales 
efforts, developing and looking for new products and markets 
and making a determined effort to replace low gross profit 
products with higher gross profit items. 

Fourth, (Company F) plans for an after-tax return on 
investment of 15% as a minimum for new capital ventures. 
Constant appraisal of present markets, margins and product 
obsolescence and an awareness of new products and now markets 
determine where (Company F) invests t.o maximize future earn- 
ings . 

Finally, and most important, is the active participa- 
tion in the corporation by all supervisory people and employee 
in establishing corporate and individual goals. Measurable 
budgets, standards and objectives have been established for 
all members of (Company F) , and individual performance is 
evaluated to determine accomplishment and reward. 
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Com pany G 



GENERAL CORPORATE OBJECTIVES 

A. To contribute toward a better life for our employees and 
the families. 

B, Provide maximum security and a fair return for all who 
have invested in our company either directly or indirectly. 

C. To be a good citizen and of service to our community , 
state and nation. 

D, To provide our customers with increasingly better quality 
prodiacts and better service at competitive price and 
always treat them fairly. 



ma king a contribu tion to s ociety . Business can be one 
of the most effective vehicles through which man serves 
society. Thus, any service we perform should be oriented 
toward the public welfare, and any product we manufacture 
should be designed to be the best possible product in its 
price class. 

To recognize the dignity and personal wor th of every 
individual . All employees should have the opportunity to 
share in the company’s success, for each of them helps to 
make it possible. Every individual deserves job security 
in accordance with his performance on the job and the 
personal satisfaction of being commended for a job well 
done. The objective is not simply to make the organiza- 
tion more ef f icient--although that will certainly be one 
resuit.--but to emphasize beyond any possible doubt that 
human labor is not a commodity to be bought and sold in 
the marketplace. 

To re cognize our responsibility to societ y in genera l . 

We are all indebted to those who developed and to those 
who preserve our system of government and for the freedom 
to carry on our business; to our schools and universities 



for pushing forward the frontiers of knowledge; and to 
our religious organizations for their moral training. 
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We must support these institutions of our society with 
all the energy and strength at our command .ii we wish to 
preserve our freedom and individual liberty, 

4, To dev el op and encourag e a better under 3 ba ndin g of the 
nature of profit , Profit is the monetary measure of the 
contribution of the business to society. It is the 
difference between the value of goods and services wc 
give to society and the remuneration obtained for them. 

It is our insurance that the business will continue to 
grow and flourish, meeting ail of its obligations to 
customers, employees and the general public. It provides 
the stockholders with a fair return and encourages fur- 
ther investment. Profit, in short, is not the proper 
end of business; it is merely the means that makes the 
achievement of the proper ends possible. 
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APPENDIX D 

EXAMPLES 0.E CORPORATE OBJECTIVES 
FROM THE NON -A UTOMA TE D CROUP 



Company I 



STATEMENT OF OBJECTIVES 

(Compa ny IJ_ Objectives Re lated to S hare h olders 

(Company I) will strive to carefully plan, organize, 
coordinate, and control its available resources of time, 
space, material, money and people to insure their most pro- 
ductive and effective use. 

(Company I) will strive tc create and keep satisfied 
customers . 

(Company I) will strive to expand the use of its pro- 
ducts domestically and internationally into every industry 
where needs for them exist or can be created. 

(Company I) will strive to constantly evaluate the 
strengths and weaknesses of every facet of its organization, 
giving particular attention to the qualifications, growth, 
and development of people. 

(Company I) will strive to promote the confidence and 
respect of customers, employees, suppliers, shareholders, 
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and the <;onoral public by exercising the highest standards 
of .honesty, fair play and ethical conduct. 

(C cap any 1) will strive to produce profit results and 
increase equity ownership values consistent with company 
objectives and competitive forces at work in our economy. 

(Comp a ny I ) O bjective s belate d to Employees 

(Company I) will strive to recognise the personal 
goals of each individual in the company seeking means to 
harmonise them with company objectives. 

(Company I) will strive to develop a climate for indi- 
vidual achievement compatible with company objectives by 
encouraging creativity, initiative, individuality, judgment, 
and individual development and growth. 

(Company I) will strive to base employment and treat- 
ment of employees upon individual qualifications with due 
consideration for length of service. Qualification means 
ability, actual and potential, and has no reference to 
religion, birthplace, sex, race or color. 

(Company I) will strive to provide opportunities for 
advancement, full use of abilities and skills, and recogni- 
tion and reward for satisfactory or outstanding performance. 

(Company I) will strive to encourage teamwork, develop 
employee security and give all employees a sense of belong- 
ing . 
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(Comoa r.y 1 ) Objec tiv es Related to Cu stomers 

{Company I) will stx j.vo to use its resources ef few 
lively to provide customers with high quality , dependable 
products used to ( ) and develop or acquire 

other products or enterprises which will enhance the service 
of the company to its customers. 

(Company I) will strive to provide delivery of products 
promptly according to customer requirement's. 

(Company I) will strive to adequately and promptly 
provide customer requirements for maintenance, repair and 
technical advice related to its products ^lnd their applica- 
tion. 

(Company I) will strive to treat customers fairly, 
courteously, and respectfully. 

(Company I) will strive to assure complete customer 
satisfaction with products and service by striving for excel- 
lence in every area of its operation. 



(Comp a ny I) Ob jectives Related to the Publ ic 

(Company I) will strive to participate in community, 
state and national affairs. 

(Company I) will strive to participate in programs 
compatible with company beliefs which promote individual 
freedom, development, responsibility, self-help, and personal 
accomplishment . 



upon 



(Co '.puny I; wi _i I .strive to prevent, encroach) sent 

or suppression of basic human rights or the Free Enterprise 
system. 

(Company 1) will strive to interpret its actions 
promptly and accurately to the public. 



(Company J) is in business for the purpose of earning 
a fair and adequate profit as a means in accomplishing the 
followj ng : 

1. To accept and fulfill its responsibilities in 
perpetuating the private enterprise system, 
recognizing that it is this system of government 
which has given it this opportunity in the first 



place , 

2. To perpetuate the Company for the benefit of all 
who depend upon it. 

3. To compensate its investors for risking their 
capital in its behalf. 

The Company intends to accomplish this purpose by: 

1. Participating actively in the affairs of the 
community, the state, and the nation to make the 
independent sector of the society in which we liv 
more effective in meeting the needs of the people 
rather than depending on an inefficient, dicta- 
torial, centralized federal government to do so. 

2. Creating a dynamic growth Company with ( ) 

as the nucleus of its growth. 

3. Producing a superior product value at a price 
which the mass market can afford to pay through 



iy 

the greatest use of mass marketing and product? ' m 
technique?. . 

4. Selling customer service and assistance as much a 
product, since individual products come and go, 
but a deserved reputation for top service will 
provide continuing customers for all products we 
may offer, 

5. Working toward full employment for the employees 
of the Company and offering competitive wages and 
benef i ts . 

6. Acting in a fair and honest manner in all our 
dealings within and without the Company, cultivat 
ing an image which truthfully reflects our con- 
victions and intentions throughout the society in 
which we live and in the minds of all who come in 
contact with it, 

7. To extend our loyalty to all those customers, 
suppliers, and professionals who deserve and earn 
it. 

8. Helping our customers earn fair and adequate 
profits from their resale of our products, realiz 
ing that our profits ultimately depend upon the 
profit of our customers. 

Developing people to their maximum capabilities 
for the benefit of the Company as a v/hole, and 
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even nore important, for their own benefit end 
personal gratification of accomplish iK.nt. 
Recognizing the permanence of change and conduct 
.ing our affairs in such a manner to make change 
our ally rather than our enemy. 
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